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ABSTRACT 
The thesis examines control and eradication of Guinea worm in West Africa and 
investigates factors, especially water supply, related to the incidence of Guinea 
worm. The study was carried out in North Zou, Benin between 1987 and 1990 
and in Nigeria between 1989 and 1993 during water supply and Guinea worm 
eradication programme execution. 
About 5% of villages in Nigeria, located in one half the LGAs were infected. The 
number of annual cases in a region was related to the previous year's cases, 
although 5-10% of the regions changed between infected and non-infected. 
Cases were not statically focused in villages. The relative risk of infection in a 
village based on the previous year's infection was 1.74 in North Zou. 
Incidence varied inversely and endemicity varied directly with village population. 
Villages of all sizes were infected. Prevalence varies seasonally by region. 
Incidence was low at high altitudes, in sandy and alluvial soils, in areas with 
high or low annual rainfall and in densely populated areas. Incidence was not 
otherwise related to rainfall, vegetation, altitude, soils, geology or distance to 
rivers. Incidence among Muslims and Christians was the same but varied by 
ethnic group. Incidence in an area was strongly related to the ratio of females 
to males. 
School attendance in endemic areas fell during the transmission period. Losses 
in Nigeria in 1990/91 were £16 million. 
Provision of improved water supply lowered incidence by 50%. Endemicity was 
20% lower in villages in North Zou with water supply but endemicity did not fall 
immediately following provision and a difference was not seen in Nigeria. 
Water supply to all infected villages in Nigeria identified in 1990/91 would cost 
£23 million. Three possible water supply strategies were examined. Ten water 
supply options were considered and roof rainwater catchment was found the 
most promising. Factors that reduce the effective use of water supply were 
examined. 
Water supply coverage in endemic countries is 27%. The countries are among 
the poorest and least developed in the world. The lack of static focus of cases 
in villages, the low impact of water supply, and the difficulty of supplying water 
to all endemic areas make Guinea worm eradication by 1999 unlikely. 
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CHAPTER 1 
INTRODUCTION 
1.1 PROBLEM OF GUINEA WORM DISEASE 
Guinea worm is a repugnant worm that is transmitted solely through drinking 
contaminated water. It grows to 1 metre in length inside the human body. 
Because of its size and unique method of exiting the body, it is easy to 
diagnose either by those infected or by a lightly trained villager. The ease of 
diagnosis coupled with the sole transmission path through drinking water makes 
it suitable for evaluating the health impact of water supply projects in endemic 
areas. 
Guinea worm occurs in multiple areas in 17 countries across Africa between 4° 
and 200 north latitude (see Figure 1.1). There were between 500,000 and 
1,000,000 cases in 1992 (WHOCCD, 1993). In the past it was endemic over 
a much larger range but it is now found outside Africa only in India where there 
are a few thousand cases and Pakistan where it is on the verge of elimination. 
Towards the end of the International Drinking Water Supply and Sanitation 
Decade, it was widely realised that water supply coverage would fall far short 
of universal coverage. Externally funded projects were increasingly examined 
not for the number of water points they produced, but for the social, economic 
or health impact that they had on the target population. It is much more 
difficult to measure impact than to count the number of water points. 
Following the success of smallpox eradication in 1977, a number of people 
involved in the programme searched for other diseases susceptible to 
eradication. Among the participants in smallpox eradication was Donald 
Hopkins who selected Guinea worm as a target for eradication and mobilised 
throughout the 1980s. Towards the end of the decade the need to measure 
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impact of water supply provision came together with mobilisation efforts to 
eradicate Guinea worm, most notably in West Africa. 
During the first 11 months that the Guinea worm is inside the human host it is 
unnoticed. Although there has been work done on an Elisa test (Fagbemi and 
Hillyer, 1990; Garate et al., 1990) to identify the worm in the prepatent stage, 
existing tests are not satisfactory since they are expensive and measure history 
rather than presence of the worm. Some hosts show an allergic reaction about 
two weeks to one month before emergence. In India, health agents are trained 
to detect the worm up to a week before emergence (Sharma, 1992, Rhode et 
al., 1993). For most hosts, the first sign of the worm and Guinea worm disease 
is the blister that forms just before emergence. The second African Regional 
Workshop on Guinea Worm defined a case of Guinea Worm disease as the exit 
of a worm during the past year (WHO, 1988). 
When the worm reaches the point where it will exit, it forms a blister and begins 
to release its larvae inside the blister. The blister erupts in contact with water, 
ejecting hundreds of thousands of larvae into water. The worm exits slowly 
over a period of about three to four weeks. Abscesses form when there is 
internal breakage of the worm, usually from pulling on the worm. Abscesses 
also form if the worm is allowed to reenter the body and release larvae below 
the skin. Ulceration results from advanced abscesses and secondary infections. 
The average case of Guinea worm causes a temporary disability of 40 to 60 
days (Chippaux, 1991 b). Although the worm is rarely fatal, complications such 
as tetanus can be. It has been reported that Guinea worm ulcers were the 
third leading factor of tetanus in South-west Nigeria (Lauchner et al., 1961 cited 
by Nwosu et al., 1982). 
If the worm exits and the exit wound is kept clean there are usually no 
complications. To ensure that the worm does not reenter the body, it is often 
rolled around a stick. This has been the traditional treatment of Guinea worm 
since before the first written reference in 1550 B. C. (Adamson, 1988). This 
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procedure has been suggested by some as the origin of the caduceus symbol 
of medicine (Hopkins and Hopkins, 1991). This procedure remains the usual 
treatment of sufferers who rarely seek medical assistance. Medical treatment 
usually involves cleaning, bandaging and alleviating secondary symptoms 
although recently worm extraction has been gaining in popularity. 
The species name of Guinea worm, Dracunculus medinensis after Medina in 
Arabia where it was common among pilgrims, attests to its former range. The 
common form, Guinea worm, attests to its high prevalence in Africa. 
The life cycle of the worm was first completely explained by Fedchenko in 1871 
(Fedchenko, 1871) who studied the disease in Bukhara in Uzbekistan. The 
worm grows for about 10-14 months inside a human host before expelling its 
larvae into water. Larvae expulsion kills the worm. The larvae are then 
ingested by certain species of cyclops, small crustaceans that are ubiquitous 
in surface water. The larvae become viable after undergoing two moults during 
approximately two weeks within the intermediate host cyclops. They must then 
be ingested by the definitive human host. In the human stomach, the Cyclops 
is broken up and the Guinea worm passes into the lymphatic system. After 
impregnation the male dies and is absorbed into the body while the female 
worm grows to continue the cycle. This cycle, human host to free living in 
water to cyclops to human host is the only transmission route. Guinea worm 
disease is the only common water-related disease that is transmitted solely by 
drinking contaminated water. 
Guinea worm is usually accompanied by a high level of other enteric diseases 
because the surface water points that transmit Guinea worm are usually 
infected with multiple other pathogens due to the entrance of water collectors. 
Often the inhabitants of infected villages have poor hygiene practices. Because 
Guinea worm cases tend to be clustered both temporally and spatially, the 
social and economic effects can be severe. There are villages where 50% and 
more of the inhabitants are disabled at the same time. This has severe 
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consequences not only for the victims but also for their families. Schooling is 
often interrupted either due directly to infection or by the need to carry out the 
tasks of an infected family member (Chippaux and Larsson, 1991). A large 
decrease in child care due to Guinea worm among mothers has been reported 
(Yacoob, 1988; Watts et al., 1989). When the Guinea worm season occurs 
during a peak agricultural period, the economic consequences are usually 
severe. Because infected villages tend to be marginal, Guinea worm is often 
a factor in the continuing cycle of poverty, ill health and underdevelopment 
(Shulman, 1985). 
Guinea worm disease cannot be considered one of the top health problems in 
most of the areas in which it occurs. Malaria is endemic and acute respiratory 
infections affect 20 to 50 times as many people each year in the same region. 
Among water and sanitation related diseases, diarrhoea and other helminthic 
parasite infections have much higher incidence rates and more severe 
consequences. Diarrhoea accounts directly for 30% of the under-five mortality 
rates (UNICEF, 1992). Diarrhoea and intestinal parasites also weaken the child 
victim and inhibit normal growth, thus leaving sufferers more prone to other 
infections. The related parasitic diseases, onchocerciasis which causes 
blindness and schistosomiasis are usually considered as more severe health 
problems. 
Nevertheless, there are several reasons to focus on Guinea worm eradication: 
1. It is a visible health problem that can be solved. 
2. The lessons learned and the systems put in place should serve to 
facilitate the eradication of other diseases (such as polio). 
3. Programmes that have measurable health impact objectives helps to 
focus water supply and related interventions on people whereas 
coverage objectives focus more on hardware. 
4. The elimination of Guinea worm is a direct demonstration of the health 
impact of clean water to villagers who are sceptical of hygiene and other 
assaults on traditional practices. 
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5. Guinea worm reduction is a measure of the number of people drinking 
safe water and can serve to evaluate the effectiveness of water supply 
provision. 
1.2 ERADICATION 
The conditions that allowed the eradication of smallpox have been identified 
(Evans, 1985; Henderson, 1985; 1989). Guinea worm meets the following 
conditions (subject to further examination): 
1. The life cycle can be broken using available techniques. 
2. The public nature and ease of diagnosis without laboratory facilities 
facilitates surveillance. 
3. There is no nonhuman reservoir of infection. 
4. There are no chronic cases or other long term carrier stages. 
5. A continuing chain of infection with a sufficient number of new cases is 
necessary for the disease to persist. 
6. The infectivity is relatively low. 
However, other aspects that enabled smallpox eradication are not present: 
1. Recovery from smallpox conveys immunity whereas frequent reinfection 
with Guinea worm is usual. 
2. An effective vaccine was available for smallpox whereas there is no 
immunity against Guinea worm. Prevention of Guinea worm relies on 
people's behaviour and is not 100% effective. 
3. Smallpox had a- short delay between generations and a slow 
development of infection. Guinea worm has a one year delay between 
generations and a rapid if geographically limited spread of infection. 
4. Smallpox was highly infective and highly virulent. In non-endemic 
countries, large expensive programmes were necessary to remain 
smallpox free. The USA spent $140 million in 1968 within that country 
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in a passive defensive strategy to prevent infections (Foege et al., 1975). 
It was less expensive to implement an active international eradication 
strategy than to continue national prevention programmes. No such 
financial incentive exists for Guinea worm eradication. 
Disease Eradication 
Many diseases can be controlled by immunisation. Immunisation has two main 
effects. The obvious direct effect is the removal of that proportion of the 
population that is immunised from the susceptible class to the immune class. 
The less obvious indirect effect is a reduction in the number of infected 
persons who can spread the disease and thus a weaker force of infection. By 
creating a smaller population of hosts, the parasites' basic reproductive rate is 
decreased. Once the number of individuals who are not susceptible to infection 
has reached a critical value, the reproductive rate of the parasite will fall below 
unity and thus disappear. As it is impossible to immunise every individual, this 
indirect "herd immunity" is necessary for eradication (Anderson and May, 1992). 
Malaria 
The attempt to eradicate malaria failed for both tactical and strategic reasons. 
The evolution of insecticide resistant mosquitoes and drug resistant strains of 
plasmodium falciparum caused obvious tactical difficulties. The reproduction 
rate of malaria is so high that 99% of the population must be immune to cause 
eradication (Anderson and May, 1991). Attempts to eradicate the vectors were 
unsuccessful (Chaulett, 1979). This made it impossible to prevent reinfection 
in many areas that were thought to be clear (Watts, 1984). Therefore even 
though malaria was reduced to very low levels in places, it was able to quickly 
reestablish itself. There were only four cases in Sri Lanka in 1963 but an 
estimated six million cases between 1967 and 1969 (Chaulett, 1979). 
Interventions to prevent Guinea worm are not as effective as those used in 
malaria control but the disease cannot spread as rapidly. 
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Endangered Species 
Much of the world's experience in eradicating species is accidental and the 
focus of many ecological studies is how to avoid extinction. Factors important 
for eradication are population size including metapopulation structure as well 
as the size and viability of the species' habitat (Tear et al., 1993). 
Fragmentation of the environment and prevention of migration of the species 
between fragments will hasten extinction (Burkey, 1988). For all species there 
are minimum population sizes necessary to prevent extinction (Hastings, 1989). 
Vector Control 
One of the tools in controlling vector borne diseases is eradication of the vector 
responsible for transmission. There have been five planned localised species 
eradication efforts against malaria carrying mosquitoes. Although three of these 
attempts were successful, the intensity of vector killing necessary for 
eradication was never widely achieved in malaria eradication programmes 
(Chaulett, 1979). 
Four active steps have been identified for vector control (Chaulett, 1979): 
1. Identify species responsible for disease transmission 
2. Determine ecology of the species 
3. Identify vulnerability of target species 
4. Develop sure, safe, economical attack plan fitted to the objective. 
Certification of Eradication 
WHO has the responsibility of certifying the eradication of Guinea worm (WHO, 
1990,1991). To certify eradication, the 69 countries where Guinea worm cases 
have been known to have occurred must be examined. These countries fall 
into four categories: 
1. Endemic since 1980 
2. Endemic between 1940 and 1980 
3. Possible transmission before 1940 
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4. Sporadic indigenous cases without endemic transmission. 
WHO is setting up the procedures for certification of eradication (WHO, 1991). 
They consist of eight steps including formation of a secretariat to define the 
surveillance standards, collate the information received and to assist countries 
in the certification process. Also included in the procedures are investigation 
and promotion of research needed for certification, implementation of the 
certification with consultants, regional offices and endemic countries and the 
probable establishment of a system of awards for reporting final cases. The 
financial support to carry out this process is being sought. The government of 
Saudi Arabia has pledged a part of these costs (WHOCCD, 1992). The costs 
are likely to be substantial. 
The difficulties should be weighed against the advantages of proving and 
certifying eradication. For smallpox, proof of eradication allowed the 
discontinuation of public health measures including vaccination, international 
certificates of vaccination and treatment capacity. These measures cost 
hundreds of millions of pounds annually and so certification was economically 
desirable. In the case of smallpox or other infections that can erupt 
epidemically, the elimination of the last case is extremely important to finally 
end the possibility of further outbreaks. The importance of the last case of 
Guinea worm is not so obvious. Epidemic spread of the worm is impossible at 
current levels of development. Public health measures against the worm were 
nonexistent in most areas before the eradication campaign. The certification of 
eradication is of interest mainly as part of the programme. 
Negative Aspects 
The possible negative by-products of the campaign to eradicate Guinea worm 
disease include: 
1. To be most effective, the programme must be monofocused but this 
minimises spinoff benefits and reduces the ability to attract necessary 
funding and personnel. 
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2. As a vertically organised and executed project as is the case in most 
countries, it runs counter to the horizontal integrated approach of PHC. 
3. Guinea worm is a relatively minor problem when compared to other 
health problems of the area such as malaria, acute respiratory infections 
(ARI), diarrhoea) diseases and even other parasitic worms. 
4. Guinea worm eradication is very much an international donor inspired 
programme, rather than a programme driven by the felt needs of the 
population or pushed by local authorities. 
1.3 GUINEA WORM AND WATER SUPPLY 
The stated goal of many Water and Sanitation programmes in developing 
countries is the improvement of health. The 1991-1995 UNICEF Federal 
Government of Nigeria Master Plan of Action (FGN and UNICEF, 1991) states 
that the provision of water and sanitation will serve to improve health status and 
serve to decrease infant and child mortality rates. This statement is typical of 
externally funded water and sanitation programmes. However, the connections 
between the activities of water supply and sanitation programmes and health 
impact remain tenuous. 
There have been many attempts to evaluate the health impact of water and 
sanitation. The health impact of the Imo state water project was the subject of 
a major study by the London school of Hygiene and Tropical Medicine (Blum 
et al., 1987: Huttly et al., 1990). These health impact studies have been 
concentrated in limited areas. Although the results of these studies are subject 
to discussion, they show the difficulty of measuring health impact. 
There is no question that water supply and sanitation have an impact on health 
(Cairncross, 1987). The first cooperation between epidemiology and the water 
supply sector resulted in John Snow's recommendation to remove the handle 
of the Broad street pump and the demonstration that cholera is a water borne 
disease a generation before vibrio cholerae was identified. Guinea worm 
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disease is relatively easy to measure and it is hoped that it can serve as an 
indicator marker disease for health impact of water supply in those areas where 
it is endemic. 
According to the New Delhi Statement on Safe Water Supply and Sanitation for 
the 1990s, "The dramatic reduction of dracunculiasis (Guinea worm disease) 
has resulted from the provision of improved water supplies and hygiene 
education in endemic areas. The target of total eradication by 1995 should be 
fully supported. Affected countries should provide a high priority in investment 
programmes. " However the statement also notes, "To achieve full coverage by 
the year 2000 using conventional technologies and approaches would require 
five times the current level of investment" (Collaborative Council, 1991). The 
current rural water supply coverage in the 17 endemic African countries is 27% 
(UNDP, 1993). In view of current trends, it seems unlikely that universal access 
to safe water supply will be achieved in West Africa in the near future. 
There are several reasons why Guinea worm eradication should be embraced 
by the water supply sector (Hopkins, 1984): 
1. Highly visible repulsiveness of the worm 
2. Direct impact on development 
3. Solitary mode of transmission makes it a superior indicator of the impact 
of health education 
4. Opportunity to meet highly felt need, and 
5. Ability to show results rapidly. 
It is acknowledged by almost all involved in the water and sanitation sector that 
health education is important. However, measurement of the effectiveness of 
health education is difficult. Most projects are directed by technicians who like 
to see visible results and financed by those who demand measurable outputs. 
Explanations that behaviourial changes are long term processes that are 
difficult to measure usually lead to a cutback in resources to hygiene education. 
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By having a clear indicator of success, funding can be devoted more to 
improving use of water instead of provision. By targeting interventions to 
= disease instead of coverage, health impact should be maximised. 
1.4 OBJECTIVES OF THE THESIS 
The objective of this thesis is to determine the feasibility of Guinea worm 
eradication from Africa through water supply and related interventions. The 
progress towards eradication is measured in two ways: the number of annual 
cases and the number of infected villages. Both measures of the extent of 
Guinea worm are examined. 
Guinea worm is transmitted exclusively through drinking water from 
contaminated ponds. Because the ponds are geographically fixed, it should be 
possible to locate all possible transmission sources and stop transmission from 
these sources. It is logical to assume that the presence of Guinea worm 
indicates the presence of a transmission point. Further it is logical that the 
strength of the transmission is related to the number of cases. 
Guinea worm control is a different problem than most diseases where the loci 
of infection moves constantly with each carrier, because, in principle, it seems 
to be possible to determine all fixed transmission sites. In addition there are a 
very limited number of endemic villages, no more than 6 or 7% in most 
countries which seem to be mostly concentrated in certain areas. About half the 
endemic villages have very few cases. If a minimum number of cases are 
necessary to continue transmission, a programme can concentrate on only the 
most endemic. It should be possible to investigate an area, supply water and 
health education, wipe out Guinea worm (or virtually wipe it out) and go to the 
next area. The example of smallpox eradication shows that if all transmission 
points can be located and transmission stopped eradication will occur. This 
thesis examines the possibility of locating and stopping all transmission through 
water supply and related interventions. 
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The eradication programme requires effective baseline surveys and continuous 
surveillance. Guinea worm case reporting which was described by the 
governor of Enugu State in Nigeria as epidemiology by "semi-literate 
undertrained peasants rather than medical personnel" has enough aspects that 
differ significantly from mainstream epidemiology to be examined in an 
engineering thesis. A knowledge of the annual changes in cases is the starting 
point for maximising impact. 
It is known that the use of unsafe water supply is a necessary but not sufficient 
condition for Guinea worm transmission and not all villages without a safe 
source of drinking water are endemic. Other possible indicators that would 
facilitate planning at the national and international levels are examined. These 
include both factors that influence individual villages and those that are 
common to large areas. The impact of Guinea worm on school absences and 
the economic impact is examined. 
The usual water supply strategy is to maximise coverage by providing water to 
the largest villages. Other strategies based on needs are difficult to implement 
because of insufficient or inaccurate information. In view of the impossibility of 
achieving 100% water supply coverage in all Guinea worm endemic areas 
using boreholes equipped with handpumps in the near future and to maximise 
the limited resources available, alternative water supply options are examined. 
1.5 DATA SOURCES AND METHODOLOGY 
Field studies of this magnitude cannot be carried out by one person. Data 
collection is a collective effort of many people at many levels from village based 
workers to the international group coordinating the fight against Guinea worm. 
The author played a major role in teams that set up the methodology and 
organised collection and collation of the data. Most data collection was not 
primarily research oriented but was aimed at programme implementation. The 
data show this collective nature and differing needs. 
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Most of the published background material on Guinea worm appears in medical 
literature. Previous studies have been for the most part limited to one or few 
villages. This thesis deals with the overall effect of water supply provision on 
a large number of villages. It does not dwell on individual villages. It is a water 
supply engineering thesis but incorporates information from other disciplines 
including epidemiology, public health, biology, geography and sociology. 
North Zou, Benin 
At a detailed level, data have been collected over several years in five districts 
in the north of Zou province in Benin Republic (Bante, Dassa, Glazoue, Savalou 
and Save) which are highlighted in Figure 1.2. The location, population and 
infrastructure of villages were obtained from official sources and updated by 
field observations. Village locations have been mapped on a geographic 
information system with available population and infrastructure data. 
Programme information such as location and dates of boreholes and chemical 
analysis of pump water were kept as a part of programme implementation. The 
number of cases occurring annually was measured for all villages in the area 
for the years 1988,1989 and 1990. These are correlated with improved water 
supply over the period 1981-1990 using observational techniques for the first 
two years and quasi-experimental methods for the last two years. Only partial 
case data are available for later years. The effects of distance to roads, rivers 
and educational opportunity are considered. There were two other studies of 
Guinea worm in Benin using completely different methods: a survey in primary 
schools (Chippaux and Larsson, 1991) and part of a national case search using 
the techniques similar to other national case searches in West Africa. 
Selected LGAs in Nigeria 
Village and selected Local Government Area (LGA) data have been collected 
from nineteen representative LGAs in Nigeria. The change in number of cases 
per year is examined. Only observational studies were possible. The LGAs are 
shown on the map in Figure 1.3. 
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Nigeria 
At a less detailed level, data from Nigeria are examined. National case studies 
covering the periods July 1988 to June 1989,1989/90, and 1990/91 are used. 
There was an initial survey (1987/88) with information available to the LGA 
level, whereas the information from the other surveys is by individual villages. 
The complication of an administrative subdivision reorganization in August 1990 
is resolved using a GIS to compare like data. Case data are correlated by Local 
Government Area with environmental and spatial conditions including altitude, 
climate, geology and culture. Longitudinal quasi-experimental analysis is done 
at the level of intervention LGAs rather than individual villages. Data for 
calendar year 1992 have been collected by month and examined for seasonal 
variation. 
West Africa 
For West Africa, information from national case searches is correlated with 
environmental and spatial conditions. The correlations are very imprecise at this 
scale and subject to misinterpretation. Activities to eradicate Guinea worm 
internationally are noted. 
Choice of Study Areas i 
The areas of study were chosen to provide a wide cross section of human and 
physical environments in which Guinea worm is found. Data collection was 
facilitated and intervention was possible by the presence of UNICEF assisted 
Water and Sanitation programmes in these areas. The author was UNICEF 
project officer in Benin Republic from February 1987 to July 1989. As such he 
organised the fight against Guinea worm in Benin Republic with activities 
concentrated in the North Zou which was the most endemic area of the country. 
He was UNICEF Regional Coordinator for Africa from 1989 to 1991. From 1991 
to 1993 he concentrated on water supply provision and Guinea worm 
eradication in Nigeria. The selected LGAs in Nigeria were chosen to provide a 
cross section of information. Certain of these areas have been previously 
studied by others. 
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FIGURE 1.2: FIVE DISTRICTS OF NORTH ZOU, BENIN REPUBLIC 
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The five districts in North Zou in Benin provide an interesting case study 
because of the small size of the area and the high rate of coverage. It is 
typical of sudan-savanna transmission areas where many cases are found and 
is homogeneous in geology, altitude, rainfall, social and ethnic groups. It is a 
rural area that was underdeveloped but not inaccessible. Guinea worm had 
been recognised as a problem. One of the aims of the project was an impact 
on health which was measured and maximised by focusing on Guinea worm. 
The major components of water supply, hygiene education, community 
mobilization and handpump maintenance were put in place. There were many 
well-educated staff working locally in the health and social services sectors 
. assigned to the programme and they were provided with transport. Data had 
not been systematically collected in the past and basic information on the 
region was incomplete at the start of the project. 
Nigeria has been examined because it has the most cases in the world. It 
presents opportunities but also problems that are not found elsewhere. If 
Guinea worm is eliminated from Nigeria, the battle for eradication in West Africa 
will be practically won. Problems in Nigeria include incorrect data, incomplete 
work, and administrative logjams caused by multiple layers of conflicting 
irresponsibility. 
I, 
West Africa is examined instead of all endemic countries in Africa because data 
from east and central Africa is either nonexistent or not reliable. Civil unrest in 
Chad, Uganda, Sudan and Ethiopia make suspected Guinea worm areas 
inaccessible. With many other more serious health and other problems, Guinea 
worm is not a priority in these regions. 
The data collection and analysis involved the following: 
1. Determine correlations with physical, social and environmental factors. 
2. Detail the economic and social impact of the disease. 
3. Measure the spatial and temporal extent of Guinea worm. 
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4. Examine the impact of water supply provision on Guinea worm 
especially by boreholes equipped with handpumps. 
5. Analyze the Guinea worm eradication programme with reference to the 
strategy and tactics and the probability of success. 
6. Examine water supply options and their feasibility in Guinea worm 
eradication. 
1.6 ORGANISATION OF THE THESIS 
This thesis examines the role of the water supply. sector in Guinea worm 
eradication. It is divided into ten chapters. This first chapter has provided an 
overview and introduction. The second and third chapters are literature 
reviews. Chapter 2 is a review of Guinea worm disease including history, 
medical presentation and socioeconomic impact. Chapter 3 is an examination 
of the worm, its life cycle and transmission. In Chapter 4, aspects of the 
international efforts are presented from a participant's viewpoint. Chapter 5 
explains the material and methods of data collection. Chapters 6 and 7 contain 
the data analysis. Chapter 6 examines the extent of Guinea worm and 
correlations with fixed parameters. Chapter 7 analyses the question "Can 
Guinea worm be eradicated from Africa with water supply and related 
interventions? ". The question is analysed in 11 hypotheses. Chapter 8 looks 
at water supply needs and options. Chapter 9 looks at eradication outside the 
study area. The last chapter presents the conclusions. 
The first chapter is an introduction and overview of Guinea worm disease and 
this thesis. It starts with a presentation of Guinea worm including its distribution, 
impact and major characteristics of the disease and life cycle of the worm. 
Activities, especially from the health sector, which led to the current effort are 
presented. The relation between water supply and Guinea worm eradication 
is introduced. The chapter then presents the objectives, data collection methods 
and organisation of the thesis. 
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Chapters 2 and 3 are literature reviews. Chapter 2 looks at the history and 
impact of Guinea worm disease. It starts with historical accounts of Guinea 
worm and then looks at medical aspects of the disease including the 
complications and stages of Guinea worm. It then looks at the socioeconomic 
impact of the disease. Chapter 3 looks at the worm, its life cycle, means of 
reproduction and the intermediate hosts. An examination of the life cycle shows 
interventions for preventing Guinea worm. An examination of the intermediate 
host and the habitats where it lives and especially those where it transmits the 
disease is a major part of this chapter. 
Chapter 4 presents the international efforts to eradicate Guinea worm. As an 
active participant in many meetings and activities of the effort, the author can 
present a close up view as a water supply engineer in a programme that has 
been dominated by participants from the health field. Mobilisation and 
coordination activities including the promotion and organisation of national 
surveys in endemic countries are presented. It looks at the organisations 
involved and some major issues that have arisen during the programme to 
date. It also examines the progress to date of the programme. 
Chapter 5 presents the data collection material and methods. Data was 
collected from two geographic areas, five districts in Zou province of Benin and 
nationwide in Nigeria. In some cases where more detailed information from 
Nigeria is required, data are used from Asa LGA or from 19 selected LGAs. 
Data are of three types: epidemiological case counts in villages, information 
about water supply and other infrastructure or geographic information. This 
chapter includes presentation of the study environment. 
Data analysis is used in Chapter 6 to examine the correlation between factors 
in the environment and numbers of cases and infected villages. Population 
accessibility, distance to rivers and educational opportunity are examined as 
possible factors in incidence of Guinea worm. The number of endemic villages 
by size is presented. The seasonal nature of Guinea worm appearances in 
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different areas is examined. The impact of other physical factors such as yearly 
I- rainfall, altitude, ecological zone, geology and soils on Guinea worm are 
analyzed. Correlations of Guinea worm and religion, ethnic group, population 
density and gender are examined. This chapter ends with analyses of the 
socioeconomic impact of Guinea worm. 
Chapter 7 answers the question, "Can Guinea worm be eradicated from Africa 
using water supply and related interventions? " This question is analysed in 11 
hypotheses. The ability to predict infected villages and levels of cases based 
on past reports is examined first. Because water supply can only be provided 
after the reported cases have caused transmission and thus can at best 
prevent transmission in the year following the report, it is essential that cases 
during one year correlate with cases during the following year. The number of 
cases year to year is examined in villages and at LGA and state level. Chapter 
7 also presents the analysis of the impact of improved water supply on the 
number of cases and the number of endemic villages. 
Chapter 8 relates water supply requirements and options for Guinea worm 
eradication. The water supply needs for Guinea worm eradication in Nigeria 
are calculated based on all endemic villages, all villages in endemic areas and 
all villages above given thresholds of cases. Water supply options are 
examined especially as they can be rapidly replicated and extended into 
villages not reached by conventional improved water supply. The reasons for 
the difference between 100% and actual impact of water supply provision are 
explored. Community mobilisation and hygiene education to increase the 
effectiveness of water supply close the chapter. 
Chapter 9 extends the work outside the study areas and examines the 
possibility of eradication in West Africa. Factors affecting the certification of 
elimination are examined. Chapter 10, the final chapter, presents the 
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conclusions both for Guinea worm eradication and water supply, and lists 
programme recommendations and research needs. 
_ý 
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CHAPTER 2 
HISTORY AND IMPACT OF GUINEA WORM 
2.1 HISTORICAL REFERENCES TO GUINEA WORM 
The Ebers Papyrus, a collection of medical texts from Egypt around 1550 BC 
describes Guinea worm and the standard treatment of winding the worm around 
a stick (Adamson, 1988). Vasistha (c1400 BC) in the Sanskrit text, the Rig- 
Veda from India seems to refer to it. Many authors claim that the Bible's 
description of the fiery serpent that plagued Moses' followers (Numbers 21: 6) 
in 12th or 13th Century BC on shores of Red Sea is Guinea worm (Hopkins and 
Hopkins, 1991). This interpretation of the text is disputed by several authors 
(Adamson, 1988). 
The myth of Ra being bitten by a worm made from saliva by Isis to share 
power and knowledge has been interpreted as a reference to Guinea worm 
(Chippaux, 1991 b). The extraction process may have served as the model for 
the caduceus, the healing staff of Ascepius, son of Apollo and father of Hygieia, 
goddess of healing (Hopkins and Hopkins, 1991) and the symbol of medicine. 
A contrary view holds that the caduceus uses the snake motif as a symbol of 
life, immortality and healing (Bunn, 1967). 
The earliest physical sign of Guinea worm was found in the early 1980s when 
a calcified male Guinea worm was found in the abdominal cavity of the mummy 
of a fourteen-year-old girl that has been dated to around 1000 BC (David, 1984 
as reported by Adamson, 1988). Both lower legs had been amputated shortly 
before death, and there is speculation that this could have been to combat a 
gangrene complication of Guinea worm infection (Hopkins and Hopkins, 1991). 
The worm was known to the Assyrians by 600 BC (Muller, 1971a). It is 
unknown if it was already endemic in Mesopotamia or brought back by 
Assourbanipal of Nineveh who conquered Egypt (c650 BC) (Adamson, 1988). 
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There are accurate clinical descriptions on record in classical Greek and 
4 Roman sources. Plutarch (50-117) citing Agatharcides of Cnidus (c150 BC) 
gives the name Drakontion and says that it is found around the Red Sea and 
is common in Egypt and Mesopotamia. Galen (130-200) called the condition 
dracontiasis but he saw no cases himself and thought it was a protruding nerve 
(Adamson, 1988). Leonides of Alexandria identifies it as an ascarides and says 
that it is found in Ethiopia and India. Pliny, Seramus of Ephesus, Paulus 
Aegineta, Aetius of Amide, Areteus of Cappadocia, Pareus, Tagantius and 
Joannes Actuarius all describe it (Schmidt and Roberts, 1985). It should be 
noted however that Hippocrates (c460-377 BC) does not mention Guinea worm 
(Chippaux, 1991 b). 
Avicenna (Abu Ali Ibn Sina) (980-1037) of Bukhara in Uzbekistan on the silk 
road called disease Medina sickness, "Vena Medina", in his Canon of Medicine 
because it was so common in Medina in Arabia. Avicenna gave a detailed 
clinical description and noted that the disease was found in Egypt and Iran 
(Hopkins and Hopkins, 1991). Avicenna thought it was a protruding nerve like 
Galen. Dracunculus persisted in Burkhara which is much further north than its 
present range into the twentieth century. It was described by the Eastern 
doctors, Bagadur and Hodzendi (Litvinov, 1985). Rhazes (c865-925), the 
Persian born physician in chief of the hospital at Baghdad observed it. Other 
early Arabic writers that refer to the worm are Alsaharavius, Avenzoar 
Abhumerom, Halyfilius Abbas and Albucasis (Muller, 1985c). 
French Surgeon Ambroise Paie noted Guinea worm in 16th Century and 
thought it a damaged nerve. Amato (Joao Rodriquez de Castell Branco), 1511- 
68 a Portuguese physician saw it in Greece and reported that it was known in 
India and Egypt (Hopkins and Hopkins, 1991). Ingrassin in 1552, Cauliaco in 
1559, De Viega in 1561, and Gorraeus in 1568 all comment on Guinea worm 
in early medical texts (Muller, 1985c). 
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Velschius of Vienna in his "Exercitatio de vena Medinensis" (1674) describes 
the parasite and gives a list of historical references. He includes an illustration 
(Figure 2.1) of Persian doctors removing a worm by wrapping it around 
specially designed instruments (Muller, 1971). Other medical and clinical 
descriptions come from Desiderius, 1605, Cunelius, 1689, Andry, 1700, 
Kaempfer, 1712, Clericus Daniel 1715, Hutcheson and Forbes, 1744 Lafaye, 
1756, and Hussem, 1771. In 1773 Gallandat published his Dissertation on 
Dracunculus sive Vena medinensis. Fuchs, 1781, Herbst, 1787, Laporte, 1792 
and others also report on it. Anderson and Dubois wrote an article for the 
Edinburgh Medical surgical Journal in 1806 "History of the Guinea worm and 
of the method of cure employed by the Hindoos" (Muller, 1985c). 
In a traditional legend explaining the beginning of the African kingdom of 
Dahomey (present Benin Republic), a Dahomeyan prince named Homenuo, son 
of King Tegbesu could not flee when his village was attacked because he was 
crippled with Guinea worm. He was captured by spirits who cured him and 
taught him about the gods and how to perform ceremonies (Hopkins and 
Hopkins, 1991). 
There are numerous accounts of it in the travel literature of the 16th, 17th and 
18th centuries. Jenkinson describes it in a voyage from Moscow to Bactria in 
1558 (Muller, 1985). Jan Linscholten, a Dutch navigator reported it in Ormusz 
in Ceylon (present Sri Lanka) in 1584 (reported in 1610) and attributes it to 
drinking water (Gomeratne, 1967 cited by Myer, 1985). De Bourges in his 
account of the 1650 travels of Msgr. de la Motte Lambert, Bishop of Beirut 
reported the worm in Lar, Iran. He quotes the local wisdom that "the way to 
avoid this worm is to drink only wine, or if water is used, only such as has been 
carefully filtered through linen" (Hopkins and Hopkins, 1991). The first method 
although easy to promote has not proved successful in Southeast Nigeria due 
to the custom of adding pond water to the palm wine (Salami et al., 1991). The 
second method is being promoted by many Guinea worm programmes. 
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It was noted (and caught) by European travellers along the Guinea coast in 
Africa from which it derives its common name. Pigafetta mentions it in his True 
Description of the African Kingdoms, With an Account of the Inhabitants of the 
Lusitanian Congo (1598). It was reported from the area around the Elmira 
fortress (present Ghana) in 1623 and 1625. Hemmersam in his account of 
journeys to Guinea and the West Indies in the years 1639-45, Villault in 1669, 
de Thevenot in 1674, and Lister in 1697 at Fort St. George describe it in 
various places in the 17th century. Bosman, Voyage to Guinea (1705), Chardin, 
Journey in Persia and other places in the East (1711), Dampier Supplement to 
The Voyage Around the World (1715), Bernier, in Voyages (1723), Moore in his 
Travels in the Inland Parts of Africa (1738), Barbot General History of Travels, 
(1759), the Danish geographer Carsten Niebuhr who drew a detailed map of 
Yemen Description of Arabia (1772), all discuss it from a non medical point of 
view (Muller, 1985). James Bruce, a Scottish explorer contracted Guinea worm 
during his search for the source of the Nile (1768-73) as reported in Voyage to 
Nubia (1791) (Hopkins and Hopkins, 1991). 
Mungo Park, speaks about Guinea worm, "which has been described by many 
writers", in his account of his Travels into the Interior of Africa (1795-7). He 
notes a high prevalence at the beginning of the rainy season in what is now 
inland Mali, which is interesting because other travellers to Africa would be 
more familiar with the dry season transmission that is the usual case nearer the 
coast. He also notes local observations that those who drink from streams are 
less prone to it (Park, 1971). 
Guinea worm seems to have been unknown in the Americas and Caribbean 
before European and African contacts. It was imported by slaves but never 
seemed to spread in the Americas like it did in other parts of the world (Muller, 
1971 a). Some isolated foyers that were transmission points were reported by 
Pouppe-Desportes in San Domingo in 1770 and by Hillary in Barbados in 1776. 
However, most of the reports from the western hemisphere come from 
Surinam: Fermin in 1769, Barere in 1775, Bajon in 1777, Schoeler in 1781, and 
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Ferg in 1813. Van Leent reports from Surinam one hundred years later in 1881 
(Muller, 1985c). It appears that these foyers spontaneously died out before 
1900 (Muller, 1971 a). 
Carolus Linnaeus, the noted Swedish botanist gave it its scientific name 
dracunculus medinensis in his Systema Naturae (1758) (Muller, 1971a). 
Rouppe includes Guinea worm disease in the 1764 On the Diseases of Sailors. 
James Lind, the British naval surgeon famous for the etymological result of his 
work on scurvy noted in 1768 that the disease was transmitted by drinking 
water. His recommendation was to seal contaminated water in containers until 
all the tiny animals were dead and then sieve the dead bodies from the water 
(Muller, 1967). 
The expansion of the British Empire brought English soldiers into increasing 
contact with Guinea worm. MacGregor reports on it as affecting the 88th 
regiment in Bombay in 1805. Henderson reports cases in the 48th regiment in 
1841 in India. An expedition of Englishmen suffered from the worm during their 
invasion of Ethiopia in the 1860's. The Standard of 3 September 1867 has an 
article "The Abyssinian expedition and the Guinea worm disease" (Muller, 
1985c). 
The Egyptian conquest of the Sudan Kingdom of Sennar (1820-21) led to 
resurgence of Guinea worm in Egypt (Hopkins and Hopkins, 1991). Rene Caillie 
reported a high prevalence in Timbuktoo in 1828. Bastian described the 
structure of the worm in an 1863 article of the Linnean Society (Muller, 1985c). 
Studies of the parasite showing cyclops as the intermediate host were 
published in Russian in 1871 by Fedchenko before his death in a mountain 
climbing accident in 1873. It was translated to English and republished in 1971 
(Fedchenko, 1871). Fedchenko's study was the first time an obligatory 
intermediate vector host was recognized in a parasite infecting man (Litninov, 
1970). 
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Manson found and studied the two moults of the larvae inside the cyclops in 
1895. Leiper showed the different larvae stages of the cycle in 1906-1907 
(Muller, 1971 a). Blanchard studied its distribution in French West Africa in 1911 
(Muller, 1985c). A general medical text of 1914, presents a modern view of the 
parasite, the life cycle and methods of control (Daniel, 1914). Moorthy studied 
it in India in the 1930s. Lindberg also did much work in the 1930s and 1940s. 
Onabamiro did detailed work on the worm and its vector in Nigeria in the 
1950s. Muller did in-depth laboratory analysis in the mid 1960s and 1970s. 
Kale, Nwosu, Edungbola, Braide and others continued research in Nigeria 
during the 1970s and 1980s. The medical descriptions have far outpaced the 
biological categorisations of the vector species and the ecological analyses of 
transmission factors. 
Into the 20th century, Guinea worm was found in Southwest Asia as far north 
as Uzbekestan, in much of the Indian sub-continent, the Middle East and most 
of sub-saharan Africa (Muller, 1971 a). It has disappeared from much of the 
former range. The Soviet Union conducted a successful campaign to eradicate 
it between 1926 and 1933 (Litvinov, 1991). Iran eradicated it during the 1970s 
(Sabha et al., 1973). It is currently found in seventeen African countries and 
India, and in Pakistan where it is on the verge of extinction. 
2.2 MEDICAL MANIFESTATIONS 
Guinea worm disease is caused by a parasite called Dracunculus medinensis, 
which though large is relatively benign unless it gets into sensitive parts of the 
body. During the 10-14 month long pre-patent stage, the victim is usually not 
aware of the presence of the worm. Guinea worm disease begins when the 
worm exits. The emergence of the worm is usually painful and can take several 
weeks. The worst cases of Guinea worm disease are complications usually 
arising from unsanitary conditions. Guinea worm disease and the disability 
associated with it often continues after the exit of the worm with symptoms 
lasting an average of over 100 days (Chippaux, 1991 b). Guinea worm disease 
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is rarely fatal and if the worm comes out cleanly it is relatively benign. However, 
it is often accompanied by serious complications as reported by many authors 
notably Chippaux (1991 b), Kale (1985b), Schmidt and Rogers (1985), and 
Opara et at. (1985): 
Allergic reaction: About two weeks to one month before emergence, 
during migration to the skin, there is sometimes an allergic reaction. It 
may result in nausea, diarrhoea, a rash and localised edema. This 
allergic reaction disappears with the emergence of the worm (Muller, 
1971 a). Other than this reaction hosts are usually unaware of this 
infection until emergence (Ilegbodu et al., 1991) (Reddy et al., 1969). 
2. Worms in organs: The worm sometimes gets into unusual places 
causing major medical complications. Particularly dangerous but not 
uncommon areas are the eyes, the placenta, thorax, vertebra and the 
bladder (Kale, 1985). Odaibo et al. (1986) report two cases when the 
Guinea worm found its way to the spinal column. In one case, the worm 
calcified in the spinal column causing permanent paraplegia whereas in 
the other case full function returned after the worm migrated away from 
the area. 
3. Pre-emergent worm: The outline of the worm is often visible 
subcutaneously and the patient is sometimes able to feel it before blister 
formation. In India health agents extract worms at this stage (TST, 
1992). During blister formation, the worm has begun to release larvae 
and the body reacts against the larvae causing pain. 
4. Blister eru tion: During the eruption of the blister about 500,000 larvae 
are released (Muller, 1971a). Treatment of the infected person can be 
palliative and prophylactic against infection. Occlusive bandaging will 
prevent release of additional larvae into water (Kale, 1982). Most larvae 
are ejected with the first eruption tapering off over the next several 
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immersions (Muller, 1971 a). The viability of larvae from different exits 
has not been examined. If the blister has erupted in water, which is the 
usual case, the water source is a possible transmission site. Control at 
this point should focus on the prevention of transmission. 
5. Pain and swellin : If the worm is broken inside the body, usually by 
pulling it but also by lacerations the tissue will react against the larvae 
causing severe pain, swelling and infection (Kale, 1985b). 
6. Abscess formation: An abscess can result from internal breakage of the 
worm or from worms that release their larvae below the skin. This 
condition is painful, severe medically and accounts for much of the 
disability from Guinea worm. It does not lead to transmission since all 
the larvae stay within the body. The abscesses are often quite large 
and contain leucocytes, embryos, worms and up to half a litre of fluid 
(Muller, 1971 a). 
7,. Secondary infections: Secondary infections caused by unsanitary 
conditions either because of lack of treatment or incorrect treatment are 
the major cause of complications and deaths. Bacterial infections 
including species of Staphylococcus, Streptococcus, Escherichia coli and 
Enterobacteria are common (Adeyeba, 1985; Kale, 1985b; Opara et al., 
1985). The most serious and often fatal secondary infection is tetanus 
(Pirame and Becquat, 1968). Guinea worm has been reported to be 
the third leading factor in the entry of spores causing tetanus in Nigeria 
(Lauckner et al., 1961 as cited by Nwosu et al., 1982). 
8. Ulceration: Ulceration is often a result of an advanced abscess or 
secondary infection due to insanitary conditions. This condition lasts for 
a long time causing much pain and suffering to the patient. Although 
rare, gas gangrene has been reported in deep ulcers caused by Guinea 
worm (Muller, 1971). By this stage there is no longer any possibility of 
transmission. 
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9. Calcified worm: Male worms die and calcify after impregnation of the 
female or are absorbed (Hopkins, 1982). Sometimes the female dies 
before, expelling the larvae. In these cases the worms become calcified. 
Although visible in X-rays and often able to be found by palpitation, the 
calcified worm is not usually a medical condition and causes no ill effects 
unless it is in joints or organs. 
10. Permanent disability : Repeated multiple infection often leads to 
permanent disability. This is especially true of repeated exits through the 
feet or the knees. Synovitis and arthritis are also reported frequently. 
Infection does not convey immunity and annual reinfection is common 
(Chippaux, 1991). Within an endemic population, some people are infected 
more often than others. Average stomach acidity has been investigated (Rao, 
1936; Reddy et al., 1974) as a possible factor in transmission, but the studies 
cannot be done at the time of infection. Hypochlorhydria has been reported to 
be a predisposition to Guinea worm infection (Knight, 1982). Symptom 
treatment (anti-inflammation, antihistamines, antibiotics) does not sensibly 
modify the evolution of the disease. Moreover, specific treatment (anti- 
helminthic) poses problems (Chippaux, 1991 b). 
Several studies have evaluated the average length of disability as shown in 
Table 2.1. Disability seems to last an average of 4-6 weeks while symptoms 
often persist for 14-15 weeks. 
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TABLE 2.1: LENGTH OF DISABILITY PER CASE 
Author Date Study Area Length of 
Disability 
Reddy et al. 1969 India 3-5 weeks 
Belcher et al. 1975 Southern Ghana 40% >9 weeks 
Kale 1977 South-western Nigeria 100 days 
Nwosu et al. 1982 South-eastern Nigeria 21-35 days 
Ilegbodu 1986 South-western Nigeria 60 days 
Brieger et al. 1988 South-western Nigeria 100 days 
Smith et al. 1988 South-eastern Nigeria 56 days 
Brieger and Guyer 1990 South-western Nigeria 110 days 
Chippaux and 1991 Benin 32 days 
Larsson 
Mean 63 days 
Conclusion: From the above discussion, a difference can be seen between 
Guinea worm transmission from its human host to the environment and Guinea 
worm disease as a medical problem. Abscesses, ulcerations, severe 
secondary infections and long term disability that are the worst cases of Guinea 
worm are not related to transmission. 
2.3 SOCIAL IMPACT 
Highly endemic villages are often evident from their appearance. The 
listlessness of the victims indicates a cycle of poverty and disease that often 
continues for generations and involves much more than just Guinea worm 
(Yaccob et al., 1990). There are reports that civil servants are reluctant to go 
to Guinea worm endemic villages (Edungbola et al., 1985). The author has 
seen schools that were closed because teachers would not work in infected 
villages. In endemic areas, vital services such as courts, marriages and schools 
can become unavailable for long periods (Edungbola and Watts, 1984). 
Guinea worm sufferers are likely to decrease self care such as washing and 
personal hygiene. Reduced eating and drinking due to inability to prepare 
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meals or lack of appetite have been noted. The inability to go to areas outside 
the home to defecate leads to diseases that infect the entire household 
(Ramakusna et al., 1986). Weakened resistance and other factors lead to other 
illnesses. 
Guinea worm not only affects the victim but affects the entire family. Domestic 
activities are likely to be reduced or postponed. Among these activities are 
water collection (Watts, 1986), firewood collection, cooking, cleaning and other 
household needs (Yacoob et al., 1990; Ilegbodu et al., 1981) and even home 
repairs (Tayeh and Cairncross, 1993). 
Families adapt to lost labour by several different means. Tasks can be shifted 
to healthy family members. Labour substitution works for families who are not 
heavily infected but family attack rates are likely to be five times incidence 
levels (Ward, 1985) and the same families repeatedly infected (Chippaux, 
1991b). This leads to reduction or abandonment of less critical tasks. In most 
of Africa, 50% of the population is under 15 years old producing a high 
dependency rate that increases the adverse effects of disability of productive 
family members (Ward, 1985). 
It appears that although women are able to substitute for men in many 
activities, men are less able or willing to substitute for women in domestic and 
maternal tasks (Yacoob et al., 1990). Guinea worm that infects a mother has 
a great effect on her children. Health care for the child both inside the home 
when most care is given mother to child and outside the home is greatly 
diminished and immunisation is neglected (Watts et al., 1989). A nursing 
mother who has Guinea worm often weans the child but weaning is the period 
that the child is most susceptible to other diseases. The mother is often not 
able to provide adequate care at this time. 
In the northern parts of the range of Guinea worm, the peak Guinea worm 
period coincides with the rainy season. The rainy season is usually matched 
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by greatly increased work load, large exposure to pathogens, and food 
shortages before harvest. These factors lead inevitably to sickness, and 
malnutrition further aggravated by poverty. Increased labour demands at the 
onset of the rainy season lead to a 400% increase in the weaning rate in the 
Sahel. 40% of infants are weaned during the first 2 months of the agricultural 
cycle. Paediatric malnutrition climbs by 75% due to premature weaning of 
infants, lowered time for child care and feeding and changes in food allocation 
practices brought on by increased adult energy needs (Shulman, 1985). 
Young children are not the only ones affected by malnutrition. Lower food 
production leads to lower food consumption. Because food preparation 
involves not only cooking but water and firewood collection and often physical 
activity such as grinding or pounding yams, the quantity of food available is 
likely to be lower for the whole family. Lower nutritional levels lead directly to 
lower resistance to all types of diseases. 
Guinea worm renders most sufferers temporarily disabled and leaves about 
0.9% permanently disabled (Imtiaz et al., 1990) due to severe secondary 
infections or repeated infections. Permanent disability involves not only a loss 
of income but a formerly productive member becomes a burden on the 
community and family. The psychological effects of this can be devastating for 
the victim. 
The direct economic impact of the temporary disability caused by Guinea worm 
is examined in Section 2.5. In areas where there is a large migration to cities 
to find work, those infected remain behind often without chances of work 
(Ilegbodu et al., 1987). Small traders are hard hit because a long disability 
wipes out capital (Watts et al., 1989). Because Guinea worm has a high 
reinfection rate, the same person and family are likely to be struck by disability 
several years in a row. This can destroy all chances of trading or employment. 
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Guinea worm sufferers are less able to participate in social and religious 
activities. Postponed marriages, absences from festivals, fewer visits to 
relatives, lower participation in sport, less hunting and fewer visits to the 
marketplace have all been cited as effects (Edungbola and Watts 1995; 
Eweluka et al., 1985; Tayeh and Cairncross, 1993). Guinea worm has been 
cited as the major cause of several divorces by women from non-endemic 
areas who have moved to endemic areas and there are indications that the 
suitability of a woman as a bride is lessened by infection (Edungbola and 
Watts, 1985). Lowered fasting during the Muslim month of Ramadan and fewer 
pilgrimages to Mecca have been noted (Edungbola et al., 1988). Voting 
opportunities have been aleatory in Nigeria, but lowered participation due to 
Guinea worm has been cited (Hopkins, 1984). 
The need to avoid Guinea worm infection has been cited as a factor for an 
increased use of safe water by those in endemic areas. The demand for 
improved water supply seems to be highest in Guinea worm endemic areas 
where people recognise the link between water and Guinea worm (Edungbola 
et al., 1985; 1987). 
2.4 SCHOOL ATTENDANCE 
Several studies have shown that Guinea worm has a large impact on school 
attendance (Nwosu et al., 1982; Edungbola et al., 1983,1988; Ilegbodu et al., 
1986; Chippaux and Larsson, 1991). Although the incidence among school 
aged children is generally lower than among the general population it has been 
measured at up to 40% (Edungbola, 1983). The long period of disability, 
shown in Table 2.1, leads to extended absences averaging 9 weeks (Ilegbodu 
et at., 1986). The extended absences caused by Guinea worm have been cited 
as the major reason in 88% of the children terminating studies in a village in 
Southwest Nigeria (Ilegbodu et at., 1986). 
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Impact on schooling shows in several ways. School absences are high in 
endemic areas due directly to a student's disability and also due to labour 
substitution for family members who are disabled. There is evidence that even 
when infected children are able to attend school, their work suffers. Continued 
absences and lowered performance in school decrease the probability of 
success and increase the probability of early termination which has life long 
implications for the victims (Ilegbodu et al., 1986). The high failure rate due to 
Guinea worm in endemic areas affects school enrolment as parents keep 
children at home. School absences have been shown to decrease and school 
enrolment increases as the number of cases decreases (Edungbola, et al., 
1988). Other factors that seem to be important are the distance to the school 
(Chippaux and Larsson, 1991) and the type of school (Ilegbodu et al., 1991). 
The high incidence among students leads to schools closing during the peak 
seasons. The incidence among students was found to be much higher than 
among teachers (Nwosu et al., 1982). Teacher disability will often result in 
cancelled classes because substitute teachers are not available in many rural 
areas. Most primary schools have health education in the curriculum and it 
would seem possible to ensure that the curriculum includes Guinea worm 
prevention. 
2.5 ECONOMIC IMPACT OF GUINEA WORM 
Various attempts have been made to estimate the annual economic cost of 
Guinea worm. Ward (1982) estimated annual wage loss at $170 million. In a 
more in-depth but geographically limited study de Rooy (1988) estimated 
annual losses due to Guinea worm at over US$ 50 million per year in lost crop 
production in Southeast Nigeria. A study of workers on a sugar plantation and 
factory in Save, Benin, analyzed the lost time of employed farm workers and 
medical costs to the employer (Chippaux, 1987). The socio-economic impact 
of Guinea worm in a rural community is high because agricultural productivity 
is seriously hampered due to lack of labour during the harvest season (Belcher 
et at., 1978). 
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When lengthy incapacity and number of cases of Guinea worm coincide with 
the peak farming activities, the loss of agricultural productivity is high. Since 
most of the labour force is underemployed except for seasonal farming 
activities, the entire annual earning capacity can be wiped out in four weeks of 
incapacity. According to Ugwu and Nwaorgu (1990) 86% of the farmers 
interviewed in Anambra (present Enugu) State in Nigeria stated that the area 
that they cultivated when suffering from Guinea worm was less than normal by 
an average of 36%. 
It should be noted that in much of the southern endemic regions the peak 
period of Guinea worm does not correspond with the peak of the agricultural 
cycle. Guinea worm usually occurs during the dry season when agricultural 
activities are minimal. In those areas where Guinea worm occurs during the 
agricultural cycle, the impact of labour losses can be devastating on a family. 
In heavily infected areas in the Sahel, the diminution of Guinea worm will result 
in increased food production and a subsequent improvement in the level of 
nutrition. 
Guinea worm is concentrated not only in villages but in households (Ward, 
1985). With up to 40% to 90% of adults incapacitated, individual families can 
be devastated (Nwosu et al., 1982, Oluwaseyi et al., 1991). In some villages, 
cooperative farming is a strategy to overcome seasonal family difficulties. 
Where it is not practical, neighbour or distant relatives must be drafted into this 
service but they usually have many tasks themselves during the peak farming 
seasons. A farmer can also hire casual labourers. Although underemployment 
is high and there are those willing to work for cash, they are rarely found in 
small isolated villages. Those that are most prone to infection are the poor and 
less affluent segment of the population who do not have the resources to pay 
workers. 
One method of calculating the cost of Guinea worm disease is to count the 
number of lost man days of work and multiply by the average daily salary. 
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Further refinements would analyze the distribution according to age, sex and 
social class and use a corresponding wage function. Direct and indirect medical 
costs can also be included. There are methodological problems of estimating 
losses in a subsistence economy. Because of the complexity in the 
interpretation of observations, the economic aspect of dracunculiasis has been 
neglected for a long time. While it is difficult to calculate the cost, it is probably 
not equivalent to a labourer's monthly salary as 75-80% of total annual income 
is derived during the period June to September. This method is incomplete 
since it assumes wealth or income is a function of labour alone. A more 
thorough view would include land, capital and management besides labour. 
This is especially true in African rural societies where employment is limited. 
Various coping strategies reduce the impact of temporary disability due to 
Guinea worm. These include crop substitution and flexible planting times for 
farmers (Brieger and Guyer, 1990). Substitution of labour lost by family 
members is a possibility. Because not all time is used productively even during 
peak demand periods, the possibility of substitution remains even when all 
productive members are employed. 
There are several elements that would tend to increase the economic impact 
beyond the average measured impact of Guinea worm. Attack rates differ by 
family and those families most attacked are less able to cope than unaffected 
families (Ward, 1985). It has been found that Guinea worm is significantly 
more concentrated by families than by chance alone (Chippaux, 1991b). 
Although the reasons for this concentration are not proved, the possibility of 
catastrophic concentration of disability is high. Added to this is the tendency 
of Guinea worm to reinfect the same people each year (Ilegbodu, 1987; 
Chippaux, 1991b) which reinforces a cycle of poverty in affected families. 
Studies undertaken to show the economic benefits of eradication should assist 
in mobilising financial resources for the eradication programme. Cost benefit 
calculations of losses due to Guinea worm justify control measures. The 
economic impact of the disease decreases and the cost of eliminating each 
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additional case rises as the number of cases decreases. It is quite likely that 
a great deal of expense will be incurred in eliminating the last few cases. 
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CHAPTER 3 
DRACUNCULUS MEDINENSIS 
3.1 LIFE CYCLE 
Dracunculus medinensis is one of the largest of the parasitic nematodes. It lives 
inside the human body during approximately one year before emerging and 
ejecting its larvae into water. These larvae are eaten by several species of 
crustaceans of the genera Cyclopidae'. Guinea worm larvae remain viable 
only if ingested by a cyclops within three to five days of expulsion into water 
(Muller, 1971). Otherwise they die or are unable to moult in the cyclops without 
killing one or the other or both. After a period that varies between nine and 
fourteen days (depending on the water temperature that must be between 25 
and 30 °C), during which the larvae moult through two stages, the larvae in the 
cyclops become infective to anyone drinking the contaminated water. Inside 
the human digestive system the host cyclops is killed and softened by gastric 
juices and broken up by the movement of food. The freed larvae traverse the 
mucous stomach tissue or intestinal wall. According to Onabamiro (1956) the 
larvae migrate through the lymphatic system until about 45 days when they are 
found in subcutaneous tissue surrounding lymph glands. They undergo a third 
moult during this first 45 days but it is uncertain when or where this occurs. 
The fourth and final moult occurs around 45 days. After this moult both male 
and female reach sexual maturity. The male and female mate in the connective 
tissue between two and three months after entry. When fully grown the male 
is about four centimetres long. After impregnation, the male declines, dies and 
is usually absorbed into the skin or calcifies without harmful effects. 
' Steib and Mayer (1988) have pointed out that although the intermediate host is 
usually referred to as cyclops, cyclops are only one genus of the family Cyclopidae 
and not involved in transmission. Certain species of Mesocyclops and Thermocyclops 
are the usual transmission vectors. However, except where a distinction is important, 
the more common usage "cyclops" will be used. 
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The female grows during the entire pre-patent stage. It is not known what the 
food of the worm is because although it has a mouth it has no anus for waste 
disposal. Much of the growth is the uterus that grows so large that it squashes 
the gut until it is nonfunctional. The worm is surrounded by a thin cuticle that 
is not adhesive and allows the worm to pass through the subcutaneous tissue. 
It is thought that the cuticle is permeable not only to water and ions but also to 
glucose and similar nutrients. The female worm migrates to subcutaneous 
positions usually around the lower extremities. Many authors believe that the 
migration is towards parts of the body in contact with water but this has not 
been proven. 
At maturity the worm can measure up to 100 centimetres in length (80 is 
average) and contains one to three million larvae. The larvae are sequentially 
rather than simultaneously fertilised. This leads to sequential development with 
embryos being at different stages of development within the same uterus 
(Pardanani and Kothari, 1971). When the first stage larvae are developed, the 
female worm approaches the skin and forms a blister. On contact with water, 
the blister bursts and hundreds of thousands of larvae are ejected into the 
water to be ingested by cyclops thus continuing the cycle. The worm emerges 
over a period of about four weeks if it is prevented from reentering the body. 
This cycle shown in Figure 3.1 is the only transmission path for the worm to 
develop and reproduce. 
A person can have multiple worms with more than one worm emerging 
simultaneously. Surveillance usually counts the number of cases of Guinea 
worm and not the number of worms. Examination of 8 studies of multiple worm 
exits gives an estimate of 1.8 worms (SD 0.45) per case as indicated in Table 
3.1. It has been suggested (Kale, 1985b) that the worm burden might be 
related to the incidence. Multiple worms are extremely painful and cause a 
higher level of disability. 
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TABLE 3.1: NUMBER OF WORMS PER CASE 
Author Year Study Area Mean Worm 
Burden 
Rao et at. 1942 India 1.65 
Onabamiro 1958 Southwest Nigeria 1.93 
Reddy et at. 1969 India 1.99 
Muller 1971 West Nigeria 1.18 
Belcher et al. 1974 Ghana 2.40 
Kale 1985 Nigeria 1.50 
Chippaux 1991 Benin 2.55 
Braide et at. 1991 Southeast Nigeria 1.35 
Muller (1971 a) found that the number of larvae ejected decreases with each 
immersion. An infected rhesus monkey ejected 100,000 larvae on first 
immersion, 25,000 three days later and only 1000 after a week. In humans, 
Muller found that about 500,000 larvae were released on first immersion. 
The life span of a female Guinea worm is strongly fixed at about one year and 
expulsion of larvae results in her death. Since the exact time of infection is 
difficult to establish except in travellers visiting an endemic region during a short 
period, the shape of the exit curve is not well established. Chippaux (1991b) 
states the duration of patency is 10 to 13 months. Muller seems to suggest a 
normal distribution of exits in his laboratory experiments with rhesus monkeys. 
It may be that the Guinea worm is hydrotropic and expulsion is related more to 
presence of water than to the time after infection. 
3.2 DRACUNCULUS MEDINENSIS 
Phylum: Nematoda 
Class: Phasmidea 
Order: Camallanata 
Species: Dracunculus Medinensis. 
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Dracunculus medinensis is related to the filarial parasites Schistomes and 
Onchocerca and otherfilarial nematodes such as roundworms and hookworms. 
Most filariae are transmitted by insects whereas Guinea worm is transmitted by 
a crustacean. It must enter orally with the intermediate host whereas others in 
the family enter the blood or are deposited under the skin by the vector in 
quantity. Guinea worm larvae do not circulate in the body as do the other 
filariae. Although the breeding portion of the life cycle takes place inside 
humans, the number of Guinea worms does not increase within the human 
host. Most importantly for eradication, the life span of the adult Guinea worm 
is rigidly fixed at one year (Edungbola, 1985). 
In Section 1.2 it was noted that one factor favouring the eradication of 
Dracunculus medinensis is the lack of animal reservoirs of infection. This is 
taken on faith more than on hard scientific evidence. It is known that a worm 
resembling Dracunculus medinensis called D. insignis infects raccoons and 
minks in North America. Muller (1971 a) lists 41 studies of Dracunculus in 12 
different species of mammals in the Americas. While the species is often called 
Dracunculus insignis, some authors believed it to be D. medinensis. Infection 
in a wide range of animals has been reported from many parts of the world. 
A study from Canada found developing stages of Dracunculus in 81 % of otters, 
36% of mink and 14% of raccoons in southern Ontario (Muller, 1971a). 
Schmidt and Roberts (1985) state that Dracunculus is found in a number of 
mammals. In the Americas, D. insignis is common in opossums, muskrats, 
raccoons and other mammals in semi-aquatic environments. Several species 
are known in snakes, turtles and crocodiles (Schmidt and Roberts, 1985). 
Some biologists claim that there are only two species, one in mammals and the 
other in reptiles (Mirza, 1975 cited by Muller, 1971 a; Schmidt and Roberts, 
1985). The taxonomic classification and the biological studies have not been 
done to prove that Dracunculus medinensis, Dracunculus insignis and 
Dracunculus sp. are definitely separate species. 
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Experimental infection of nonhuman hosts including dogs (Moorthy and Sweet, 
1936; Muller, 1968; Onabamiro, 1956), monkeys, (Muller, 1971a, Leysin, 
1906) and cats (Muller, 1968) has helped to establish the route of migration of 
the worm, but also establishes that other species can act as the final host to 
D. medinensis. In addition there are 42 cases studied of natural infection in 14 
species of mammals from outside the Americas (Muller, 1971 a). Most reports 
have been from dogs but this is probably due to observational ease due to 
proximity rather than endemicity. It is not known whether animal hosts maintain 
a reservoir of infection but the evidence "makes it a likely supposition" (Muller, 
1971 a). 
It has been said in defence of the lack of animal reservoirs that there is no 
proof that D. medinensis and D. insignis are the same species. It has been 
suggested that animal water collection methods (lapping and drinking from the 
surface) and self treatment (scratching and biting off emergent worms) would 
inhibit transmission of D. medinensis. However this argument should apply 
equally to D. insignis which it clearly does not. Areas of human Dracunculus 
and animal Dracunculus do not usually overlap. However stopping the frequent 
reinfection of human drinking water supplies by infected dogs was a feature of 
the eradication effort in the USSR (Litvinov, 1985). In a study from a formerly 
endemic area in Central Asia 12% of the dogs were found to be infected 
(Muller, 1971 a). A strange aspect to the question of animal reservoirs was the 
indigenous infection of a man in Japan in 1990 (WHO, 1991). The mechanism 
has not been explained. 
3.3 CYCLOPOID COPEPODS 
Copepods 
Copepods constitute one of the three common groups of zooplankton in 
freshwater sources in the tropics. Copepods vary in size but are usually the 
largest freshwater zooplankton commonly found in ponds. Different species are 
similar in appearance. They hHave a large elongated thoracic region, a much 
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narrower abdominal section that ends in two caudal appendages. There are two 
types of copepods: the cyclopoid copepods that are responsible for Guinea 
worm transmission and the slightly larger calanoid copepods that do not act as 
intermediate hosts. Cyclopoids have shorter antennae and more tapering thorax 
than the calanoids. 
Movement 
Most freshwater zooplankton show vertical diurnal migration. They spend time 
on the surface at dawn and dusk and sink to lower depths during the day. The 
daily migration of cyclopoid copepods follows the same pattern as for most 
zooplankton. Most are found just above the sediment during the day rising to 
the surface around sunset, sinking to a random distribution during the night but 
rising toward the surface at dawn and sinking again as the sun rises higher 
during the day. They rise according to the rate of change of light intensity and 
so are closest to the surface at dawn and dusk. This strong daily migration has 
been noted for "Mesocyclops leuckharti" (see later discussion on identification) 
even when their main prey, rotifers, remain at the surface (Begg, 1976). In 
smaller ponds without predators, similar fluctuations outside random limits were 
not observed (Chippaux, 1991b). 
Copepods have paired limbs along the ventral side of the thorax. They move 
vertically through the water in a staccatic type motion with the limbs moving in 
a rowing motion. Their antennae are laid back to reduce resistance during the 
upward stroke and extended to reduce sinking during the downstroke. The 
rapid upward movement and the low descent between strokes make the 
movement appear jerky. 
Reproduction 
The copepods reproduce sexually. Like most crustaceans the young copepods 
go through multiple larvae stages. The eggs are held in two sacs and hatch into 
first stage nauplius larvae. Subsequent moults take it through four or five 
instars until it enters the first copepodite or second larval stage. For most 
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copepods, the adult form is reached after multiple (five or six) copepodite 
instars during a period of about 14 days (it can vary from 7 to 30 days). 
Studies of the growth of thermocyclops hyalinus in Uganda both in the 
laboratory and in Lake George show the duration of the life stages of cyclops 
at around 26°C are: Egg 1.5 days, Nauplius 5-7 days, Copepodite 9-13 days 
with the total egg to egg development being 18 days (Burgis, 1971). 
Regeneration and Dispersal 
Regeneration of cyclops after ponds are refilled is possible because copepodite 
stage IV remains quiescent in the soils of dried water points. Moisture content 
necessary for survival varies between 40% and 99%. Clay soils especially 
those rich in organic materials are the most favourable to the hibernation of 
cyclopoids (Chippaux, 1991b). This is true not only on biological grounds but 
because sandy and consolidated soils are physically unable to hold the 
moisture necessary for survival. 
Since the same species is found in different patches of micro-environment 
separated by inhospitable space, there must be a mechanism for dispersal or 
migration. Surface water and periodic flooding during the rainy season serves 
to disburse each species widely. While running water is not conducive to the 
growth of cyclops, it serves to move them. Cyclops are able to walk on the 
ground up to about five metres. It is also highly probable that they are 
hydrotropic. Another possible method of dispersal is wind blown dormant 
stages, which are later reactivated in. contact with water. 
Sex Distribution 
The female to male ratio of adult cyclops has been measured between 3 to 1 
(Sharma, 1984) and 5 to 1 (Burgis, 1971). This is due to the different average 
life spans of the two sexes. Maximum life of the female in the laboratory was 
158 days. while for males it is 33 days (Muller, 1985b). These ratios are less 
than the ratio of adult females with eggs to adult males of 8.5 to 1 measured 
for thermocyclops in a lake (Burgis, 1974). 
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Using this information, it is noted that the ability of males to infect is much less 
than females (assuming similar reactions to infection). With an average life 
span of only 25 days of which 10 are necessary to reach the size necessary 
for infection by larva and 10 to 14 days for development of the larva, there are 
only three or four days during its life span when the male is potentially infective. 
Adult females, adult males, instars make up the population. The ratio between 
adults and instars depends on the increase or decrease in the population. The 
ratio between adults sexes remains constant. Instars take about 10 days to 
reach maturity. Adult males survive an average of 15 days while adult females 
survive an average of 75 days under field conditions as determined by Burgis 
(1971) based on the distribution found. Therefore the mortality rate after 
ingestion of the larvae is significantly different for males and females. The 
probability of a female surviving from infection to ingestion is (75-12)/75 = 
84%. The probability of a male surviving from infection to ingestion is (15-12)/15 
= 20%. With a5 to 1 female to male ratio, the maximum survival rate for 
infected cyclops is 73% (5/6 x 0.84 +1 /6 x 0.2 = 0.7 + 0.03). Female cyclops 
account for 70/73 = 96% of infective cyclops. 
Other common zooplankton 
Besides copepods, small ponds in the tropics usually contain rotifers and 
cladocera. The smallest, the rotifer are 100-150 µm long. They feed on small 
(1-20 µm) particles of the phytoplankton including nanoplankton and detritus. 
Cladocera2 (water fleas) are larger than the rotifers. They can be up to 1 to 2 
mm in length and are generally filter feeders. The filtering mechanism of the 
cladocera is effective within the range of 1-50 mm (Payne, 1986). Rotifers and 
cladocerae normally reproduce by parthenogenesis with unfertilised eggs that 
hatch into females. When environmental pressures are severe, a haploid egg 
is produced that hatches into a male. Fertilised eggs develop thick resistant 
shells and are able to lie dormant for months. 
2In popular articles and training programmes cyclops are often referred to as water 
fleas. This term usually refers to cladocerae. 
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Diet 
The calanoid copepods are filter feeders. The cyclopoid copepods are raptorial. 
They seize their food particles which are the phytoplankton, other small 
members of the zooplankton or for this analysis the larvae of Dracunculus 
medinensis. Fryer (1957) did an analysis of the food of some freshwater 
cyclopoid copepods by analyzing gut contents. As Figure 3.2 shows, 
carnivorous cyclopoids are cannibalistic for the most part, probably mainly 
because they make up much of the food chain. 
Only large predatory species can readily ingest D. medinensis larvae and act 
as potential intermediate hosts (McCullough, 1985). Of these, the older and 
larger copepodite stages are more predatory. It has been suggested that larger 
species are carnivorous while smaller species are herbivorous (Fryer, 1987). 
This is not always true because some species of Microcyclops are involved in 
transmission (Chippaux, 1991; Bapna, 1985). However even among the 
carnivorous species large enough to ingest the larvae, some species are more 
resistant to infection. 
Cyclops Species 
Forty species and subspecies of cyclopod copepods have been identified in 
Nigeria (Boxshall and Braide, 1991). Twenty-two species occur in Zou province 
of Benin (Chippaux, 1991a). The 8 species found in endemic regions of 
Rajastan in India (Bapna, 1985) are not found in West Africa. 
There are often different species of cyclops found in the same lake or pond. 
Often these include a predatory and herbivorous type (Payne, 1986). Multiple 
coexisting species have been found in the Sahel (OCCGE, 1984) and Benin 
(Chippaux, 1991 a). In Burkina Faso it has been reported that there are several 
species at the beginning of the rainy season, but that the predominant species 
during the first half of the rainy season was replaced by another species at the 
height of the rainy season (Steib and Mayer, 1988). 
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Intermediate Hosts 
Cyclops can be classified into four groups according to transmission (Steib and 
Mayer, 1988): 
1. Good vector hosts 
2. The possible vectors who eat larvae but for whom the infestation is 
pathogenic. 
I- I 
3. Those who do not often eat larvae but can act as hosts. 
4. Vegetarian cyclops. 
The ability of different species of cyclops to transmit D. medinensis is variable. 
There are two factors involved. First, the larva and the cyclops must not kill 
one another during the period when the larva undergoes two moults. Secondly,. 
the larva must undergo the moults that are thought to be initiated in response 
to some stimulus from the intermediate host (Bapna, 1985). 
In West Africa, a total of nine species can act as intermediate hosts. They are 
closely related Thermocyclops and Mesocyclops that are both part of the sub- 
family Cyclopainae (Johnson et al., 1989-90; Chippaux, 1991a). It is difficult 
o to distinguish between the early stages of these intermediate hosts and Keifer 
classifies Thermocyclops as a subgenus of Mesocyclops. Knowledge of the 
intermediate vectors is confused since for many years Mesocylops leuckharti 
was identified as the most common intermediate host. These are 
misclassifications as the range of M. leuckharti is limited to Europe and the 
western part of North Asia and it is not found in Africa (Van de Velde, 1984). 
Although it would seem thafin each endemic zone one species should be the 
dominant intermediate host due to its preferred habitat, seasonal population 
dynamics or other factors, this does not seem to be the case. Four 
intermediate host species have been identified from a small area in Benin 
(Chippaux, 1991 a), four from a small area in Burkina Faso (Steib and Mayer, 
1988) and two from a village in Nigeria (Johnson et al., 1988-90). 
51 
In a highly infected village in Southeast Nigeria, 9 of 18 ponds were found to 
contain infected cyclops. In Benin 19 of 202 samples contained infected 
cyclops (Chippaux, 1991b) and in Burkina Faso 8 of 230 samples contained 
infected cyclops (Steib and Mayer, 1998). Of the infected samples the infection 
rate was high with an average of 10-15% (range 0.2%-30%) in Benin and 4% 
(range 0.3%-19%) in Burkina Faso (Chippaux, 1991 b; Steib and Mayer, 1988). 
Even in highly affected areas many of the ponds remain uninfected. No 
correlation with usage could be determined (Johnson et al., 1988-90). 
In the Sahel, the transmission season is at the beginning of the rainy season. 
This is thought to be due to the presence of the most favourable intermediate 
host, Thermocyclops inopirius, only in the beginning of the rainy season (Steib 
and Mayer, 1988). 
TABLE 3.2: Vectors of Guinea Worm in West Africa from Chippaux (1991a) 
Country Species Comments 
Benin Thermocyclops neglectus Limited range 
prolatus 
Thermocyclops crassus Opportunist 
Thermocyclops emini Pools in drying river 
Thermocyclops oblongatus 
Ghana Mesocyclops sp. Family identified as 
M. leuckharti 
Cote D'Ivoire Thermocyclops inopinus 
Burkina Faso Thermocyclops inopinus 
Thermocyclops incisus 
Mesocyclops kieferi 
Metacyclops margaretae Not strongly infective 
Nigeria Thermocyclops oblongatus Also called T. 
Thermocyclops incisus nigerianus 
Mesocyclops aequatorialis 
Not strongly infective 
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Cyclops Density 
The smallest density of cyclops able to induce steady transmission seems to 
be one cyclops per litre of water. A small number of infected persons can 
introduce or maintain Guinea worm in an area. There does not seem to be a 
proportional relation between incidence of Guinea worm and cyclopoid density 
(Chippaux, 1991 b). 
Infected Cyclops 
The larvae remain alive in pond water for 7 days. After three days the viability 
of larvae to infect in cyclops falls sharply and is zero after six days (Muller, 
1971a). The infection rate of the cyclopoids depends on the feeding habits of 
the cyclops and the availability of viable larvae. To reach the stage infective to 
humans, it is necessary that neither the larvae nor the cyclops kill one another. 
After ingestion the larvae are extremely sensitive to temperature and moult 
twice to reach the infectious stage in 10-14 days. 
Larvae that are ingested by cyclops penetrate the gut wall and reach the 
haemocoel. Larvae can be injured by feeding habits of the cyclops. The 
physiological condition or the anatomical structure of the gut wall may offer 
resistance to penetration. The larvae must penetrate the intermediate host 
without damage to themselves or their hosts and must moult twice to become 
infective. Evidence from Tropocyclops prasinus suggests that some factor from 
the host may be necessary for initiating moulting, either directly or indirectly 
(i. e., secretion from cyclops or stimulus to larva to secrete) (Bapna, 1985). 
While in the cyclops, the larva produces waste products both from development 
and moulting which necessarily pass into the haemocoel of the cyclops. These 
waste products can kill and/or prevent development and growth of the cyclops 
(Muller, 1971 b). 
Habitats 
Infected cyclopoids do not exhibit as pronounced diurnal migration as 
uninfected cyclops but tend to remain on the bottom of the pond. Therefore the 
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water drawn from the surface of the pond will not normally contain a large 
density of infected cyclops until there is very little water left (Onabamiro, 1954). 
Transmission does not normally occur in flowing water, drawwells or lakes and 
dams that retain large volumes of water. This is probably due to decreased 
cyclops populations, decreased possibilities of infection and increased mortality 
of infected cyclops. In large bodies of water the cyclops density is low. 
Drawwells contain cyclops but are not readily subject to contamination. 
The chemical composition of pond water depends on the nature of the rocks, 
soil and vegetation in the catchment area. The ionic concentration is 
dependent on the composition of the inflow in water plus biological processes 
inside the pond. pH of ponds is extremely variable and somewhat dependent 
on soil type. The pH does not seem to have much effect on the fauna. 
3.4 INTERVENTIONS FOR GUINEA WORM PREVENTION 
As shown in Figure 3.1, there are three environments in which Guinea worm 
lives during its life cycle. It is possible to interrupt the life cycle of the worm and 
inhibit the reproduction of a new generation by preventing the transition 
between phases: First, by preventing the entrance of the larvae into the water; 
second, by preventing the ingestion of the larvae by the cyclops and its 
subsequent moulting; third, by preventing the ingestion of the infected cyclops 
by man. The main method of avoiding Guinea worm is by the exclusive use 
of clean water. 
Preventing Entrance of Larvae into Water 
The water source is contaminated when an infected person puts the blister 
(usually on the legs or feet) into the water and the larvae are expelled. Guinea 
worm can be prevented by preventing infected people from entering drinking 
water sources. Water sources such as boreholes, dug wells, cisterns, and 
infiltration galleries are difficult or impossible to contaminate. The community 
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can prevent entry of infected people into the water source by physical means 
such as fencing around transmission sources, building extraction methods that 
keep people out, or by social means such as prohibiting entrance/use. The 
community must be sufficiently well organized to prohibit entry and to provide 
an alternative method of obtaining water for those infected. 
It has been reported that treatment of infected people reduces incidence both 
in the following year and long term because of the reluctance. of treated patients 
to wet the bandages (Kale, 1982). Anti"helminth medications have not proven 
effective against the adult worm or the vitality of the embryos (Chippaux, 
1991b). 
Extraction 
There is a long history of Guinea worm extraction (Muller, 1971 a). Other than 
palliative treatments, extraction is the only known medical treatment. The most 
frequent surgical interventions in Africa have been for abscesses that form 
when one or more worms get tangled up or for other reasons eject their larvae 
inside the body. For sufferers, this is an important relief but this extraction 
does not reduce transmission because these larvae have no possibility of 
becoming infectious. 
Ayervedic doctors, especially M. L. Sharma, in India have developed a method 
of worm extraction that is simple and performed correctly is without 
complications. Results as reported by the SWACH programme for 1990-92 
show this to be a very effective method in controlling transmission given the 
right conditions (TST, 1993). Under highly endemic conditions it is difficult to 
remove enough larvae from the environment to make a significant impact. In 
areas where the number of cases is low, it is possible to eliminate most of the 
larvae (all in most patches). The main factors against its widespread use are 
the difficulties in logistics and assuring cleanliness in a village extraction. 
Because this technique removes the worm before it has exited and ideally 
before it has formed a blister, the monitoring and response time must be 
reduced to a minimum. 
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Most cases of Guinea worm go completely untreated. Any medical care even 
simple cleaning and bandaging would be a great improvement. This is also a 
good time to do health education on prevention because of the high number of 
repeat infections and the high receptivity of sufferers to means of prevention. 
Preventing Development of Larvae in Cyclops 
Killing or immobilizing the cyclops and/or the larvae will prevent larvae from 
developing. Treatment of pond water with an insecticide such as Temephos 
(Abate@) has been shown to be effective in killing cyclops both in laboratory 
conditions and in field tests (although resistance in certain species has been 
reported (Chippaux, 1990b)). A single treatment will kill most cyclops. Since 
cyclops less than 2-3 weeks old are not large enough to carry the larvae 
successfully and two weeks are necessary for the larvae to moult, the water 
point will remain at a noninfectious level for four to six weeks. Temephos is 
widely used for killing mosquito larvae in ponds and other water points. It is 
also used in the Onchocerciasis Control Programmes on rivers and streams. 
Most of its target species are top floating larvae stages and most formulations 
are lighter than water. A sand formulation is available that sinks to the bottom 
of ponds and slowly releases temephos. Temephos has been shown to be 
non-toxic to humans at the levels used as a larvicide in ponds. However there 
are usually both perceived and actual risks involved when adding a pesticide 
to drinking water. Only extremely contaminated water sources can contain 
Guinea worm and so the marginal risk of temephos seems small. 
Treatment with temephos or other chemical agent will change the ecology of 
the water source by wiping out certain species. This includes the larvae of the 
vectors of malaria and onchocerciasis. There are no published studies that 
show the replacement level of cyclops, the replacement distribution of cyclops 
species and the effect of short and intermediate term treatment on the levels 
of other water borne pathogens under field conditions. 
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In the early part of this century, suggested interventions included the injection 
of steam into the water source (Leiper, 1911), the addition of liquor potassae 
(Alcock, 1912) as well as more standard methods (Daniels, 1914). These would 
kill both the cyclops and the larvae and reduce other pathogens. Chlorine is 
not usually effective in ponds with Guinea worm because of the high nutrient 
content. 
The larvae moult in 12 to 14 days in ponds with water temperature 25° - 30°. 
Outside this temperature range, the time required for moulting lengthens and 
the survival rate of infected cyclops falls off radically. In many areas, the 
harmattan winds in January-February cool off the ponds and virtually stop 
transmission (Chippaux, 1991b). Existing ponds given the right conditions 
might be modified by shade, wind breaks and selective deepening to attenuate 
the effect of infecting cyclops. These alterations require sophisticated 
knowledge of local conditions. 
There are several species of cyclops-phagic fish and amphibians that have 
been used in Asia. The ethereal nature of transmission sources in Africa 
makes this method impractical in most cases. However, transmission ponds 
are perennial in the most heavily endemic areas. 
One difficulty with these methods is the difficulty or quasi-impossibility to find 
and treat all of the ponds responsible for transmission. This is further 
complicated by seasonal migratory farming practices (Watts, 1985,1986). The 
effectiveness of treatment in villages with multiple water sources is usually low 
(Chippaux, 1989; Steib and Mayer, 1988). Nevertheless in some very highly 
endemic areas, treatment may be the best option where people are unwilling 
to change their source of drinking water. 
Preventing Ingestion of Contaminated Cyclops by Man 
Guinea worm disease can be prevented by removing or destroying the 
contaminated cyclops before drinking the water. This can be done either on an 
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individual basis or on a community basis. Since the minimum size of an 
infected cyclops is 0.5 millimetres, a strainer with a maximum hole size smaller 
than this will prevent passage of the cyclops. Many commercially available 
cloths meet this specification. Nylon monofilament mesh that has regular, 
precisely determined hole sizes lasts longer and retains the hole size more 
uniformly. I. E. Dupont and Co. is contributing needed supplies to national 
programmes through Global 2000. Straining through 0.4 millimetres will remove 
infected cyclops under laboratory conditions. Guiguemde (1987) has reported 
success under field conditions in Burkina Faso although many others report 
marginal effectiveness (Olajide et al., 1987; Brieger et al., 1990; Unicef, 1988; 
1 Tayeh and Cairncross, 1991). Straining will let pass smaller parasites, 
amoebas, bacteria and viruses that are often found in Guinea worm infected 
water. 
Contaminated cyclops tend to sink lower in the water than healthy cyclops 
(Onabamiro, 1954). This fact might be used to avoid infection but no practical 
applications have yet been shown. The transmission ponds are not deep 
enough for an anaerobic layer that might affect the contaminated cyclops. 
Alum is frequently used as a flocculent on water taken from ponds to reduce 
turbidity but transmission is not affected (Ebomoyi et al., 1985). Cyclops 
burrow through the ground but it is unknown whether infected Cyclops are able 
to burrow. This would affect the effectiveness of sand filtration to continue to 
remove cyclops. A family can prevent Guinea worm infection by filtering or 
straining its water, by boiling it or by chemical treatment such as chlorination. 
A major method of avoiding Guinea worm is the exclusive use of safe drinking 
water. "Safe" in the narrow sense means not infected with cyclops larvae. 
However to have a greater impact on health, safe is considered to be low in all 
kinds of pathogens. The provision and exclusive use of safe water is examined 
in Sections 7 and 7.4 and in Chapter 8. 
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3.5 CONCLUSIONS 
Considering the advanced state of the Guinea worm eradication programme, 
there seem to remain large gaps in knowledge about the worm, the 
intermediate host and especially about possible animal reservoirs of infection. 
While safe water supply is the preferred method of combatting transmission, it 
must be noted that water supply avoids the problem of transmission but it does 
not affect or destroy the existing sources of transmission. Unless safe water 
supply is used by 100% of the people, eradication will necessarily also entail 
intervention against transmission sites. 
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CHAPTER 4 
INTERNATIONAL EFFORTS 
4.1 MOBILISATION 
After 1976, several participants in the successful campaign against smallpox 
wished to build on the lessons learned and the success of the campaign to 
eradicate other diseases. The Alma Ata Conference in 1978 included Guinea 
worm control through improved water sources as one component of Primary 
Health Care. However in 1979, in Bellagio, Italy, the Ford and Rockefeller 
Foundations Symposium set out a PHC alternative known as selective primary 
health care that posited that PHC using the integrated methodology proposed 
at Alma Ata was too expensive and that PHC elements should be disconnected 
and stand alone for cost analysis (Yacoob et al., 1990). This alternative 
excluded water and sanitation as a part of PHC. This philosophy prevailed for 
many years in many agencies including UNICEF and USAID. In the early 
1980s, Guinea worm eradication was mostly ignored by health departments and 
agencies. 
The International Drinking Water and Sanitation Decade (IDWSSD) was 
announced in 1979 with the goals of water and Sanitation for all. The IDWSSD 
steering committee endorsed the sub goal of Guinea worm eradication in April 
1981 (WHOCCD, 1983). Meanwhile, in India, efforts were underway nationwide 
to combat the disease. These factors together with the realisation that Guinea 
worm could be eradicated gave further impetus to coordinated efforts. Donald 
Hopkins at the Centers for Disease Control formed the Dracunculiasis 
Eradication Group in 1982 that pushed for an international effort at eradication. 
This group was later designated as the WHO Collaborating Centre for 
Dracunculiasis in September 1984 (WHOCCD, 1985). In June 1982, the 
National Research Council was host to a Workshop on Opportunities for the 
Control of Dracunculiasis in Washington, D. C. (Schultz, 1985). 
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In India, the programme to eradicate Guinea worm started in 1980. The 
UNICEF-assisted SWACH programme in the state of Rajastan worked 
primarily through improved water supply. The two water options used were the 
provision of boreholes equipped with handpumps and improvement of existing 
stepwells to allow use from outside and to prevent entry. The programme 
showed steady results (Basu and Kaul, 1985). 
A Nigerian National Conference on Guinea Worm took place in Ilorin in Kwara 
State on 25-27 March 1985. It regrouped both national and international 
experts on Guinea worm and helped to establish Guinea worm eradication as 
a serious possibility in West Africa. It is interesting that the theme of the 
conference was "Safe Water - the Key to Good Health" (Federal DSC Unit, 
1985). Since the 1980s, UNICEF cooperation in Water Supply in Nigeria has 
been closely linked to Guinea worm Eradication. The first UNICEF-assisted 
WATSAN project was started in Imo State in 1981 in a heavily endemic area. 
There are also WATSAN projects in highly endemic areas in Kwara and Enugu 
(formerly Anambra). In these projects, Guinea worm was used as an indicator 
for most needy areas and served to measure the health impact of water supply. 
Evaluations of the impact of the Kwara state water supply project served to 
highlight the impact of water supply on Guinea worm both in Nigeria (Alabi, 
1985) and internationally (Edungbola et al., 1988). A study on the economic 
impact of Guinea worm in Southeast Nigeria showed the economic benefit of 
eradication (de Rooy, 1987). A detailed health impact study of the Imo State 
WATSAN project by a team from the London School of Hygiene and Tropical 
Medicine (Huttley et al., 1990; Blum et al., 1990) also publicised the linkage. 
The Dracunculiasis Group at CDC started to publish Guinea Worm Wrap-up in 
January 1983. During that year CDC epidemiologists helped Benin, Cote 
d'lvoire and Togo to investigate the extent of the disease. The OCCGE branch 
in Burkina Faso began to study Guinea worm at the Centre Muraz. USAID 
funded studies in, Burkina Faso (WHOCCD, 1983). 
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During 1984 OCCGE published a Special Dracunculiasis Bulletin (OCCGE, 
1984). There were several articles in both the scientific and popular press on 
Guinea worm. Hopkins wrote a five-point plan for mobilising and sustaining a 
campaign to eradicate Guinea worm. In September 1984 CDC was designated 
as the WHO Collaborating Centre for Dracunculiasis. 
In May of 1986, the World Health Assembly approved resolution WHA 39.21 
that endorsed eradication efforts in association with efforts of the IDWSSD. 
The resolution called on endemic member states to establish plans of action 
within the context of primary health care to give high priority for water supply 
to endemic areas. It also called for intensification of national and international 
surveillance. By the terms of the resolution the Director General was to report 
on progress to the WHA in May 1988 (WHA, 1986). This was a step toward 
legitimising the eradication of Guinea worm which had been mostly ignored by 
health departments and international agencies. 
In July of 1986 the first African Workshop on Dracunculiasis was held in 
Niamey, Niger. It was supported with funds from the Carnegie Corporation and 
UNICEF Nigeria. There were 50 participants including experts, representatives 
from donor agencies and representatives from 14 of the 19 suspected endemic 
countries in Africa. The workshop reviewed progress in establishing baseline 
data and clarifying the extent of the disease, reviewed intervention strategies 
including relative cost effectiveness and started to identify areas of required 
scientific research (WHO, 1986). Perhaps more importantly it helped to 
increase recognition and political support for Guinea worm eradication. 
Following this workshop, CDC with USAID funding began helping Cameroon 
plan a national eradication programme. ORSTOM sponsored J. P. Chippaux to 
work with OCCGE in Benin to study dracunculiasis (and malaria). 
In 1986, Donald Hopkins of the WHOCCD found independent institutional and 
substantial political backing from Global 2000, a part of the Carter Center 
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sponsored by former US president Jimmy Carter. This institutional support was 
important because it enabled a focus on Guinea worm eradication free from 
political support by the US government. The political support was important 
because it helped to make Guinea worm eradication more visible among 
decision makers rather than simply a matter for academics and health officials. 
After Jimmy Carter met with President Mohammed Zia-u-Haq and the Prime 
Minister, Pakistan committed itself to eradicate the disease by 1991. This 
meeting was closely followed by a one day workshop on November 21,1986 
in Atlanta presided over by Jimmy Carter with health officials from Pakistan and 
USAID, Global Water, Save the Children and the Hunger Project of The Carter 
Center (WHOCCD, 1987). This was important because although Guinea worm 
was not a major health problem in Pakistan, serious efforts were being made 
to eradicate it. Global 2000 established a field presence and started field 
testing case control methods. This would also lead to a practical demonstration 
of eradication while the world was being mobilised. During 1987 Global 2000 
also started a programme in Ghana (WHOCCD, 1987). 
The US House of Representatives Select Committee on Hunger held hearings 
on Dracunculiasis in Washington, D. C. on March 17,1987. Borne of Global 
Water, Foege of CDC, Hopkins of Global 2000, Bart of USAID and Jimmy 
Carter, former US President appeared before the committee (US House of 
Representatives, 1987). Although the U. S. government did not commit funds 
for eradication, the hearing helped to publicise the need and respectability of 
eradication. 
In 1987 USAID financed water and sanitation programmes in endemic areas 
of Benin, Burkina Faso, Cameroon, Togo and India that included among their 
objectives the reduction of Guinea worm. Although USAID later virtually 
stopped their direct support to water supply projects, this early support helped 
to promote eradication. 
63 
The United States Peace Corps became involved with eradication in 1987 by 
sending volunteers to assist water supply in Benin and Ghana. In 1988 they 
sent volunteers to assist Guinea worm eradication in Benin, Cameroon, Ghana 
and Togo. Later Peace Corps volunteers were active in most endemic 
countries in West Africa (LaPin, 1991). 
A rural water and sanitation project in North Zou, Benin that included the 
participation of USAID, UNICEF and the US Peace Corps began in 1987. 
Although the reduction of Guinea worm was originally intended as an indicator 
of health impact, Guinea worm eradication became a priority. The project 
included water supply supported with a well developed and financed hygiene 
education and community mobilisation component. It intensely focused on a 
highly endemic area (Sebastien et al., 1992). Data collected during the project 
are used in this thesis. 
Former President Carter visited endemic villages with the Nigerian and 
Ghanaian presidents in their respective countries. Together they made Guinea 
worm eradication a highly visible priority. Political and institutional support was 
growing rapidly. The second Regional Workshop on Guinea Worm Eradication 
in Africa was held in Accra, Ghana from 14-18 March 1988. Both Presidents 
Carter and Rawlings addressed the workshop. All endemic countries sent 
representatives. Among the recommendations of the workshop were that 
countries hold national conferences, improve data gathering by active 
surveillance, report cases nationally and develop plans to eradicate Guinea 
worm. The conference was sponsored by WHO, USAID and Global 2000 
(WHO AFRO, 1988). Following this meeting the president of Ghana declared 
that Ghana would eradicate Guinea worm by 1993. 
Global 2000 signed an agreement with the Federal Ministry of Health and 
Social Services in Nigeria setting up a national secretariat similar to that in 
Ghana (WHOCCD, 1988). JICA signed an agreement with Anambra State to 
provide 300 boreholes in Abakaliki LGA which was one of the most heavily 
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infected areas in the world. A second national conference was held in Nigeria 
in March 1988 and the Vice President/Chief of Staff Aikhomu mandated water 
supply targeting for endemic villages. The results of the first national' case 
search were announced at this conference - 653,492 cases in 5872 villages 
(NIGEP, 1989). 
Guinea worm eradication got a further boost in respectability in 1988 when an 
International Task Force for Disease Eradication was established at the Carter 
Centre with a grant of US $370,000. It was headed by Drs. Hopkins and Foege 
and has as its objectives the promotion of the eradication of dracunculiasis and 
polio and the systematic evaluation of other diseases for the possibility of 
eradication (WHOCCD, 1988). Prior to this, great scepticism was often 
expressed among health officials about the possibility of eradication of any 
disease (Henderson, 1985). 
In 1988, funds started to become available specifically for Guinea worm 
eradication. Prior to this much of the funding was found in health and water 
supply budgets not specifically destined for Guinea worm. UNDP pledged US 
$249,000 for 1989-90. The Netherlands agreed to fund a WHO programme 
officer based at the WHO sub-regional office in Mali. DANIDA gave money to 
Ghana for eradication and assigned a biologist to the Northern Region. Japan 
(JICA) made a significant contribution to the water supply sector contribution 
to the eradication campaign with a US $6 million grant to Ghana for 159 
boreholes in the endemic Nanunbra District in Northern Region (WHOCCD, 
1989). JICA has also funded water supply projects in endemic regions of 
Nigeria, particularly Anambra and Niger states (NIGEP, 1990). On 31 July 1989 
there was a donor's conference held in Lagos, Nigeria organised by Global 
2000, UNDP and UNICEF. - (Edungbola et al., 1992). This helped to 
institutionalise Guinea worm, eradication as a programme with a budget. 
The UNICEF Executive Director, James Grant visited Guinea worm endemic 
villages in Nigeria and Ghana in March 1989. The following month after a 
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presentation that included a film showing a 1.2 metre worm being extracted and 
samples of Guinea worms, the UNICEF executive board approved US $1.55 
million to assist Guinea worm eradication including baseline surveys in all 
endemic countries of Africa. Equally important, the board approved special 
funding for unfunded water supply projects in endemic regions. Included in this 
two-year funding was a bilingual project officer based in Nigeria to coordinate 
national case searches and programming eradication projects in the region 
(UNICEF, 1989). The author was recruited to this post. 
In 1989, USAID authorized a three-year grant to the Peace Corps to assist 
countries in eradication. Between 1990 and 1993, volunteers were placed in 
eleven West African countries. The programme included village based 
interventions in health, sanitation and water supply. Typical activities included 
health education, disease surveillance, small water projects, distribution of cloth 
filters, planning, creation of education materials and participation in national and 
local case searches and surveillance. The end of project evaluation (LaPin, 
1992) concluded that health education coupled with water supply have a 
synergistic effect more than double either one alone. 
In February 1990 there was an expert meeting at WHO Geneva to discuss 
criterion and methods for official certification of eradication of dracunculiasis. 
The following month, the third regional workshop on dracunculiasis was held in 
Yamasoukro, Cote d'lvoire. It was attended by over 250 participants including 
representatives from all endemic countries (Larsson, 1990). National case 
searches were held or planned for all endemic countries. There was a great 
deal of international press coverage of this meeting and the need to eradicate 
Guinea worm. There were articles in New Scientist, The Economist, The 
Times, Le Point, and Jeune Afrique as well as specialist journals. 
Guinea worm eradication had been established as an international priority 
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4.2 COORDINATION 
In July 1989 the author became UNICEF Coordinator of the Guinea Worm 
Eradication Programme in Africa. As such he was a participant in most of the 
international efforts to start and coordinate eradication programmes in Africa. 
There were three major directions. The author was from the water sector and 
worked on setting up water supply programmes in endemic areas that could 
focus on eradication. National case searches were organised in suspected 
endemic countries. The health sector was mobilised to set up eradication 
programmes. UNICEF was the lead agency in mobilising water resources, 
Global 2000 and WHOCCD mobilised the health sector, and there was 
cooperation among the three agencies in organising national case searches. 
The UNICEF executive board agreed in April 1989 to provide additional funding 
for all planned UNICEF water supply projects in endemic countries. Efforts were 
made with varying degrees of success to redirect these water supply 
programmes in Mauritania, Burkina Faso and Chad to target Guinea worm. 
New water sector cooperation projects were negotiated with local UNICEF 
offices and the governments of Benin, Togo, Burkina Faso, Nigeria, Cote 
d'Ivoire and Nigeria. 
In order to seriously plan the eradication programme, case searches were 
necessary. National cases searches following the guidelines set up by 
WHOCCD were carried out in endemic countries in West Africa. Most of the 
national case searches were funded by UNICEF with technical assistance in 
planning arranged by WHOCCD. These searches were usually carried out by 
the health services in the countries. East African countries, mostly because of 
political problems, have been slow to carry out searches. Searches were 
carried out in the non-endemic countries of Guinea and Gambia for 
completeness. The searches helped to clarify areas where Guinea worm was 
endemic and by mobilising a large number of health personnel to take part in 
the searches, greatly increased knowledge of the eradication effort. 
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Most countries in West Africa set up national Guinea worm eradication 
programmes. Often this consisted of the designation of the director of the 
infectious disease department as National Programme Manager. The amount 
of attendant publicity often led to inflated expectations of assistance. By 1991 
all West African countries had a national coordinator for Guinea worm 
eradication. Coordinators have been from the health sector for all countries 
except Benin. 
An effort was under way to mobilise and coordinate international assistance. 
An inter-agency coordination group consisting of Global 2000, WHOCDD, 
WHO, WASH, VBC, World Bank, UNDP, US Peace Corps, UNICEF met 
quarterly at one of the agencies. These meetings were mostly of headquarters 
staff who, except for Global 2000, set policies but had little influence over field 
operations. Global 2000 is small and centrally organised and thus the senior 
consultant influences daily operations. Both UNICEF and US Peace Corps 
have large field operations which are decentralised. 
African Regional Workshops on Dracunculiasis were held every two years 
alternating between anglophone and francophone countries. Starting in 1991 
in the interim years there were National Programme Managers Meetings. 
These workshops and meetings served to share experiences among the 
countries. 
Although Guinea worm was given priority in the projects on which the author 
worked, in North Zou and in Nigeria, it was never acceptable to local water or 
political authorities that health personnel make the decisions for localities to 
receive water supply. At national level the Guinea worm programme often 
lobbied successfully for projects in endemic areas and Guinea worm as priority. 
At local level, highly endemic villages were added to the list of villages that 
receive water supply. The communication of a large list of endemic villages was 
often not successful because in both Benin and Nigeria villages do not have 
unique identifying names. 
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Field coordination between the health and water sectors was often difficult. 
Water departments often found it difficult to target interventions based on case 
searches by the health departments. This was sometimes complicated by 
difficulties in administrative areas as in Cote d'lvoire or different levels of 
administration as between National Secretariats and locally administered water 
projects. 
Where there were shortcomings in the water sector, the Guinea worm 
eradication programme based in the health sector could not help to resolve 
these problems. The idea propagated by WHO and others in the health sector 
that water supply is one of the elements of PHC is not shared by most of the 
water sector. At field level, the chief medical officer is usually respected as a 
doctor but the head of the water supply agency is considerably more influential. 
The author witnessed numerous occasions where difficulties in approaches 
caused problems between the sectors. Water supply programmes were rarely 
concerned with shortcomings in the health sector. 
Problems of coordination between sectors reached to high levels in UNICEF. 
The programme was started in the water sector and was transferred to the 
health sector not without some personnel difficulties. Many of the country 
programmes were planned and executed by the water sector but headquarters 
coordination was in the health sector. This did not help to mobilise the health 
sector. 
An effective means of coordinating was the participation of key personnel in 
programme planning and evaluations organised by each agency. US Peace 
Corps held annual programme meetings in 1990 in Togo, 1991 in Benin and 
1992 in Mauritania. UNICEF organised the Technical Support Team who met 
quarterly. The members were drawn from various agencies and this group tried 
to bring other partners into the effort. Global 2000 organised programme 
reviews for endemic countries. The first few programme reviews were meant 
to evaluate the Global 2000 cooperation, but the programme reviews grew to 
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evaluate the country efforts and to include other partners involved in 
eradication. 
The Dracunculiasis Operations Research Network was set up as a cooperative 
effort by the London School of Hygiene and Tropical Medicine and the Ghana 
Guinea Worm Eradication Programme with funding from UNICEF. Among the 
goals of the network was the identification and promotion of worthwhile 
operation research proposals. An inter-agency technical support team, I-tech, 
was set up in October 1991 in Ouagadougou to provide technical assistance. 
4.3 INTERNATIONAL ORGANISATIONS INVOLVED 
Global 2000 
Global 2000 is a part of the Carter Center founded by former US president 
Jimmy Carter. Dr. Donald Hopkins who started the dracunculiasis group at CDC 
is the senior consultant to Global 2000 on Guinea worm and is the prime mover 
behind the mobilisation of the effort to eradicate Guinea worm. He is an 
effective advocate in himself and with the support of Jimmy Carter for high level 
advocacy has been extremely effective. Global 2000 sponsored the eradication 
case containment effort in Pakistan and through technical consultants to 
national programmes coordinates eradication programmes in Nigeria, Ghana 
and Uganda. The programme managers are usually chosen from the US 
Epidemiological Intelligence Service or CDC and work at national level in the 
countries. Global 2000 does not have large independent funding. Until its 
collapse the Bank of Credit and Commerce International (BCCI) was the major 
funding body. Alternative funding, mainly from Saudi Arabia, has been found 
to continue and expand activities. Global 2000 has received donations in kind 
of strainers and Abate® and have been instrumental in obtaining contributions 
to the national programmes in the countries where they are working. There is 
close collaboration between Global 2000 and WHOCCD both of which are in 
Atlanta, Georgia, USA. 
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World Health Organisation Collaborating Centre for Research, Training, 
and Control of Dracunculiasis at the Centers for Disease Control 
The Centers for Disease Control (CDC) is the primary US public health agency 
specialising in epidemiology and disease surveillance and other facets of 
communicable diseases (Etheridge, 1992). Although WHO has received most 
of the credit for smallpox eradication, it was in large part due to the strategy of 
surveillance and case containment developed, tested, proved, advocated and 
put into place by the CDC (Forge et al., 1975). After the successful eradication 
of smallpox, the possibility of eradication of other diseases was investigated. 
The international effort of Guinea worm eradication was conceived and 
developed at CDC. They have put it on the international agenda. The staff of 
Global 2000 aU have backgrounds and long experience in CDC and the ties are 
extremely close. Ernesto Ruiz-Tiben has been responsible for most of the work 
of the dracunculiasis group at CDC. 
World Health Organisation (WHO) 
The World Health Organisation (WHO) has the traditional responsibility for the 
international control and prevention of disease and health promotion. WHO has 
its headquarters in Geneva with the Regional Office for Africa located in 
Brazzaville. They have offices in all endemic countries but their field 
intervention capacity and budget is limited. WHO has encouraged international 
cooperation mainly through organisation of workshops and meetings. They 
promote research into causes and control methods. Professor P. Ranque is 
their key person at headquarters. Dr. A. Maiga based in Burkina Faso is their 
key person in the field. Much of the work in specific diseases is done by WHO 
collaborating centres. These were formerly known as reference laboratories but 
their work has been expanded, to include collection and dissemination of 
information about the epidemiology, the distribution and the control of specific 
diseases. The Centers for Disease Control was named the WHO Collaborating 
Centre for Dracunculiasis in September 1984. 
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WHO has co-hosted three of the four Regional Workshops on Dracunculiasis 
in Africa, the National Programme Managers Meetings and participates in the 
Inter-agency Coordinating Group (sporadically because they are based in 
Geneva and most meetings are in the US) and the Technical Support Team. 
WHO is in charge of certification of eradication. 
UNICEF 
The United Nations Children's Fund, UNICEF, has the largest field presence of 
any UN development agency. Their primary programmes are in Health, and 
Water and Sanitation, although they have recently become involved again with 
education after several years. UNICEF heavily supported and pushed for 
Universal Child Immunisation by 1990. It is very much concerned about the 
child survival and development. Guinea worm eradication developed in country 
programmes in India, Nigeria and Benin before being embraced by 
headquarters. Since 1989 UNICEF has fully supported Guinea worm 
eradication both with water supply and with health related measures. In 
financial terms especially field contributions to water supply targeted to Guinea 
worm in endemic regions they are the major contributors. In 1990 the 
International Summit for Children gathered 80 heads of states and 
representatives from most countries who endorsed an agenda with children's 
goals for the 1990s. Guinea worm eradication is one of the goals (UNICEF, 
1990). Guinea worm eradication is attractive to UNICEF both because it helps 
to focus and further the health impact of water supply and because the 
surveillance methods developed for Guinea worm eradication should be 
applicable to increasing the impact of vaccination programmes of reduction or 
elimination of major childhood diseases. Dr. James Sherry is the key person 
at UNICEF headquarters. 
US Peace Corps 
The United States Peace Corps is active in many endemic African countries. 
American volunteers usually work at village level and share their knowledge 
and experiences. Their strong point is low level technical assistance by 
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dedicated volunteers who spend two years service in low income countries. 
Although an official US assistance agency, it is supposed to be non-political. 
Guinea worm eradication requires village level intervention, promotion of low 
cost alternative water supply, community mobilisation and provides visible 
impact within a reasonable time frame. It is well suited to the Peace Corps 
mission and they have been active in the eradication effort. Jaime Henriques 
was responsible for Guinea worm during much of the period of this study. 
Other Agencies 
While many water agencies and assistance programmes are willing to 
cooperate at field level with existing projects, only the Japanese International 
Cooperation Agency (JICA) has targeted several water supply projects to 
endemic areas. This is possibly because JICA is involved only with hardware 
provision and does not include software such as health education, training or 
community mobilisation which can be provided by the Guinea worm eradication 
programme. 
A number of US aid agencies are involved in Guinea worm eradication. USAID 
financed the water supply programme in North Zou, Benin. Much of the in 
country financial support of the Ghana eradication programme comes from the 
USAID office in Accra. The Peace Corps received financing for Guinea worm 
from USAID. WASH is supported by USAID and has been involved in several 
workshops and has published several studies and training guides (Brieger and 
Rosenweig, 1988; Brieger et at., 1988; Edwards et at., 1984; Esrey et at., 1989; 
Jennings and Wall, 1990; Paul, 1988a, 1988b; Peace Corps/WASH, 1991a, 
1991b, 1991c; Prins and Yacoob, 1988; Smith and Yacoob, 1988; Yohalem, 
1990). The VBC has carried out studies with USAID funding. As mentioned 
above, USAID was a cosponsor of the first two African workshops on Guinea 
worm eradication. Both WASH and VBC are active members of the Inter- 
agency Coordinating Group. 
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Other bilateral and multilateral agencies have expressed support for Guinea 
worm eradication. Most assistance is through existing water supply or health 
programmes whose focus is shifted to include Guinea worm. Although the 
Collaborative Council for Water Supply has acknowledged eradication, it has 
not been active in the programme. 
4.4 COUNTRY PROGRESS 
Countries have embraced Guinea worm eradication to varying degrees. In 
Ghana and Nigeria, eradication was endorsed by the president. In several other 
countries encouraging statements of support have been made especially during 
visits of former US president Jimmy Carter. In some countries, these 
expressions of support have translated into concrete actions. However even 
when the goal is embraced by a country, the method of technical and financial 
assistance keep it very much a donor driven programme. Often a national 
secretariat is set up under the management of Global 2000. While this method 
is good at first for mobilising and managing, it has limitations. 
The status of the eradication effort as of July 1993 is shown in Table 4.1. It is 
noted that several countries have not started activities and are unlikely to start 
in the near future. 
74 
TABLE 4.1: STATUS OF ERADICATION EFFORTS IN ENDEMIC 
COUNTRIES JULY 1993 
National 
Search 
National 
Programme 
Village 
Surveillance 
Interventions 
Benin Y Y P P 
Burkina Faso Y Y P P 
Cameroon Y Y Y Y 
Central African Republic N N N N 
Chad 
N N N N 
Cote d'lvoire Y P N N 
Ethiopia 
N N N N 
Ghana 
Y Y Y Y 
Kenya 
Y N N N 
Mali 
Y Y N Y 
Mauritania 
Y Y P Y 
Niger 
Y Y N Y 
Nigeria 
Y Y Y Y 
Senegal 
Y Y P Y 
Sudan 
N P N N 
Togo 
Y Y N Y 
Uganda 
P P P P 
N= No; Y= Yes; P= Planned 
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CHAPTER 5 
DATA COLLECTION 
5.1 INTRODUCTION 
The data used in this thesis were collected during programme implementation 
in Benin and Nigeria. In Benin, information was collected to facilitate the 
implementation of a water supply programme funded by USAID and 
implemented by UNICEF and a USAID contractor Pragma. Case searches were 
conducted to measure the impact of the water supply project and to plan water 
supply interventions. Although health personnel were involved, Guinea worm 
was considered very much in the field of water engineering. Case searches 
were conducted and other data collected for all villages in the five districts of 
North Zou by project teams from different disciplines, water supply, health, 
social services. These teams were in constant contact. Case searches covered 
the period 1987-1990. In Nigeria, there were two projects involved - water 
supply and Guinea worm eradication. The partners were in different ministries 
and had little contact. Case data were collected during three national case 
searches in the period 1989-1991 and by village based surveys between July 
1991 and 1993. Search methods concentrated on detecting cases so that 
endemic areas identified by initial searches were subsequently searched at a 
finer level to identify all endemic agglomerations. Areas that were non-endemic 
were dropped from surveillance in Nigeria whereas in North Zou, all villages 
were studied during the entire period. 
While it might have been desirable to conduct only quasi-experimental studies, 
it was not practical. An intervention based on data collected will prevent 
transmission in the following Guinea worm season and the lower number of 
cases would be recorded in the year after. The campaign to eradicate Guinea 
worm has been fully operational and it was not possible, desirable or 
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acceptable to hold conditions stable in any area for the time necessary. 
Information about location, population, existing water source, hydrogeological 
conditions and infrastructure was collected by separate teams to facilitate water 
supply provision. 
After data was collected, it had to be organized and collated. Joined with this 
was the need to have the ability to use the information to mobilise (NIGEP), 
intervene (water supply projects), and to monitor. Surveillance reflects different 
time scales. The case reports from the national case searches were available 
for use about six months after the reporting period. The major intervention is 
water supply that takes six months or longer to construct. 
As Guinea worm project officer in Benin Republic 1987-1989, the author played 
the major role in setting up, executing and interpreting studies in the five 
districts in north of Zou Province in Benin Republic. Case and population data 
were collected by project personnel involved in the hygiene education, social 
mobilisation components and geographical and pump data was collected by 
water supply and hydro-geological technicians. Data after 1989 was collected 
by village based surveillance workers. Village based surveillance started with 
41 villages where volunteers were trained and supervised on a pilot basis in 
late 1988. The information from North Zou between 1991 and 1993 was 
collected by the project team who continued to work for Guinea worm 
eradication in Benin after the departure of the author. 
The author was a member of the Nigeria Guinea Worm Eradication Project 
(NIGEP) steering committee between 1989 and 1993. He played an important 
role in the design, format and analysis of the second through fourth Nigerian 
national surveys, 1989-1991. In addition he played the major role in setting up 
the format of the questionnaires and the data collation and analysis 
programmes. The baseline surveys of LGAs were designed to facilitate Guinea 
worm interventions in water supply projects and data were collected by 
independent consultants who were chosen and monitored by the author. The 
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author participated in the design of the village based surveillance including form 
design and training design and he was part of a three-person team that set up 
the methods of organisation of results, the collation of information and the 
training of staff in data collection and analysis. 
While UNICEF Coordinator for Guinea worm eradication in Africa based in 
Lagos, Nigeria during the period 1989-1991, the author was part of teams that 
set up and executed national case studies in Nigeria and Benin and several 
other African countries. The general method used for the national case surveys 
was largely developed and determined by the WHO Collaborating Centre for 
Dracunculiasis at the Centers for Disease Control (CDC) and Global 2000. 
Other regional information was received during country missions, at 
international and national conferences on Guinea worm eradication, national 
programme managers' meetings, programme reviews, inter-agency meetings 
and Technical Support Team meetings attended by the author. 
The major objective of data collection was to facilitate planning interventions 
and monitoring the effectiveness of the programmes. Data were used in both 
water supply and Guinea worm eradication programmes. The objective of 
improved programme implementation and the necessity of collecting data based 
primarily on usefulness affected data collection in the following ways: 
1. Identification of endemic villages. The definition of a village was unclear. 
In North Zou, agglomerations were classed as villages, districts and 
localities. The actual divisional classification was usually decided by 
consideration about the population necessary to receive a borehole 
equipped with a handpump. In Nigeria the definition of a village was left 
to the state task forces and varied between states. 
2. In principle, case searches were carried out with the same rigour in all 
regions studied. In practice inspection was much more thorough in 
those areas that reported cases or were suspected of having cases. 
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3. While case data, population and incidence are expressed as numbers 
and used as if on a ratio scale, the precision of most measurements 
depends on utility, which varies between ranges. As an example, the 
difference between 50 and 80 cases or between populations of 400 and 
600 in a village is not significant from a programmatic perspective 
whereas the difference between zero and ten cases or between 150 and 
300 population is essential for planning interventions. In Nigeria, 
population estimates of individual villages are of variable reliability 
because of political sensitivity. A national census in 1991 allowed 
precision of population by LGA. 
Data comes primarily from the fields of engineering and epidemiology. 
Although case reports are epidemiological in nature, they are examined 
primarily in relation to fixed physical parameters and not in any medical way. 
Only information that can be measured, ordered and confirmed is considered. 
It is acknowledged that knowledge, attitudes and practices are extremely 
important in water supply use and Guinea worm prevention but only external 
measurable effects are considered in detail here. 
5.2 FIVE DISTRICTS OF NORTH ZOU 
5.2.1The Environment 
The five districts studied in the north of Zou Province are an agricultural region 
of savannah grassland of 11,200 square kilometres with a population of 
245,000. The average population density is 22 inhabitants per square kilometre 
with slight variations between the districts (Bante 15, Dassa 31, Glazoue 28, 
Savalou 22 and Save 18). The vegetation and ecology are Guinea Savanna. 
The annual rainfall of about 1000 millimetres occurs mainly from June to 
September. These districts are shown in Figure 5.1. 
79 
0 
-, -ý";, 
D, , I,, , -i ;., ,> 
- ;f it Road . 
--" cor ~cry oad 
O iil: ] S 
Kilometres 
ý_. .. 
FIGURE 5.1: FIVE DISTRICTS OF NORTH ZOU 
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The major ethnic group is Fon although there are Yoruba, Bariba and nomadic 
Peul settlements. Habitat is grouped mainly into villages and small towns. Most 
villages and towns consist of one or more quarters in the village and other 
outlying hamlets or localities associated with the village. The major religions 
are voodoo and ancestral cults with some Muslims and Christians. The 
economy is mainly based on subsistence farming. Markets are held every four 
days. The major crops are yams, manioc, millet and beans. Uncultivated 
vegetation is burned annually, both to prepare the land and for hunting. This 
has led to the "Dahomey Gap" in the tropical rain forest where there are few 
large stands of trees (Senior, 1985). In some areas where the fields are far 
from the village, people remain at their farms for extended periods during 
preparation, planting and harvest. 
There is a railway running through the area that connects Cotonou with 
Parakou. There is a paved road that comes from Cotonou in the south and 
divides into two branches in Dassa. One road goes northeast to Parakou via 
Save and the other goes northwest to Natitingou via Bante. North of Dassa, 
the roads are not always in good condition. Petrol cost about £ 0.50 per litre 
during the study. There are several dirt roads and many paths. Indigenous 
transport is mainly on foot. 
The geology of the area is primarily pre-Cambrian Basement Complex overlaid 
with various depths of overburden. The average altitude ranges from 100 
metres in the south to 200 metres in the north with occasional granite intrusive 
peaks. The soil is mainly ferruginous with lateritic ironstone. There are small 
alluvial deposits along river beds (ORSTOM, 1978). The main river is the 
Oueme which is joined by the Okpara. Other perennial rivers are the Klou, 
Agbado and Zou, which all meet in the southern part of the region. Rivers flow 
to the Gulf of Benin in the south (IGN, 1984). 
The political regime started in 1972 with a military coup that set up a National 
Revolutionary Council. In 1975, a Marxist-Leninist reorganisation took place and 
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the name of the country was changed from Dahomey to the People's Republic 
of Benin. The ideological change resulted in extensive reorganisation to 
centralise decision making and manage the economy through parastatal 
companies. Traditional leadership was denounced as a bourgeois anachronism 
and local leaders were appointed by the party. 
The economy was poorly managed and most parastatals failed. In 1987, the 
country had 100 thousand million CFA (£250,000,000) in external debt arrears. 
In 1988 the banks defaulted and remained closed for a year. The government 
was out of money and was unable to pay salaries or other costs. Periodic 
infusions of cash were used to pay part of civil servants' salaries which usually 
remained six months to a year in arrears. There was no government money for 
programmes. Government workers were desperate for externally funded 
projects since they could survive on per diem allowances and other 
"incentives. " The lack of government services, a poor economy and increasing 
civil unrest led to a national conference in 1990 and a change of government 
the following year. 
Besides dracunculiasis, there are many parasites. Other related vector borne 
parasitic diseases heavily endemic in the area are schistosomiasis, malaria, 
and onchocerciasis. The infant mortality rate is 115 per thousand. The modern 
health network is not extensive and inconsistently used. Traditional healers and 
market pharmacists are more readily accessible to the population than 
government paid health workers. The life expectancy is about 50 years. 
5.2.2 Measurement of Number of Cases 
It was known prior to the start of the project that the north of Zou Province was 
the most endemic region of Benin. Previous water supply projects in the area 
had health improvement among their objectives but none had systematically 
measured Guinea worm. Among the terms of reference of the project was a 
30% reduction in Guinea worm. An incomplete list of villages in the area was 
available as well as maps that did not include all the villages. 
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The measurement of the number of cases of Guinea worm at first had two main 
objectives. The first objective as defined by the project agreement was to use 
the incidence as an indicator of the health impact of the project. The second 
objective that arose early during the project was to use the reduction of Guinea 
worm incidence as a highly visible and dramatic demonstration of the beneficial 
impact of the exclusive use of clean water. 
A preliminary study was undertaken in January 1987 by the project team under 
the direction of J. P. Chippaux of OCCGE/ORSTOM in 150 villages in the 
project area. Although the survey coverage was not complete due to transport 
problems, the incidence in the region was found to be 4- 5%. This survey, 
which was the most detailed to date, showed that instead of a uniform 
incidence in the whole infected region, there was a heavy concentration of the 
disease in 15% of the villages, a small rate of infection in 35% of the villages 
and no disease in 50% of the villages. 
It was at first thought that Guinea worm was relatively homogeneous within a 
region with differences among villages due to individual water supply 
characteristics. The clustering of cases with 60% of the cases in less than 15% 
of the villages led to the realisation that by targeting these endemic villages, the 
impact on Guinea worm could be magnified. To target endemic villages, it was 
necessary to survey all villages to find out which individual villages were 
endemic. The list of intervention villages had not been fixed and so it was 
logical to carry out the survey in all villages. 
Other factors also influenced the decision to conduct the survey in all villages. 
The available information of the area was incomplete and the names and 
locations of villages had to be determined. 36 extension agents had been 
recruited at the beginning of the project who had varying experience of 
extension work and limited knowledge of their area of assignment. By sending 
them to all villages, they would learn the area and the project could complete 
the lists of villages. It was decided to continue to carry out the annual searches 
in all villages to provide a consistent data base. 
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There were several factors that influenced the study design. There was an 
ongoing water supply project with several drill rigs in the area and it was not 
realistic to expect accurate responses to questionnaires when reports of Guinea 
worm were influenced by the promise of a borehole. The survey had to be 
rapid and undertaken during working hours. At the beginning stages of the 
programme false positives were a nuisance and a drain on resources and had 
to be minimised. 
Six districts were Included in the studies. Because the project interventions, the 
profiles of those carrying out the survey and the baseline water supply 
conditions were different in the district of Ouesse due to the active presence of 
a water and health project supported by Switzerland, this district has been 
omitted from the analysis. 
The monthly prevalence is lowest in July and August, and the project takes an 
annual break during the rainy season in July and August. The year of study 
was fixed at 1" July to 30"' June. 
Enumerators 
The enumerators were socio-sanitary district teams of the USAID-UNICEF 
assisted project. Thirty-six agents (12 nurses, 12 health workers and 12 social 
workers) participated. After being trained in the study method, they visited all 
the villages, hamlets and localities of the region. To minimise the variability of 
results, the study was conducted as rapidly as possible (about 2 weeks). 
Continual inspection by the supervisory team was essential to ensure the 
consistency of the method and the viability of the data. 
The enumerators noted the basic information including identification of the 
agglomeration, estimated population and date and time of the study. Four or 
five inhabitants were then asked three questions to find out if there was or had 
been Guinea worm in the village. If the responses to these questions were all 
negative the investigation stopped. If the response to one or more questions 
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was positive, the enumerator went from house to house and counted all the 
cases categorising them as mobile or disabled. The procedure in a village of 
500 inhabitants takes between 10 minutes (no cases) and 4 hours (very 
infected). All the villages with a significant number of cases are detected. 
Although it might have seemed logical to have standardised the level of the 
study either at all the localities or at all the villages, for planning reasons, this 
was not always desirable. If all the localities and all the quarters were to be 
considered separately, the information would be too detailed to be interpreted 
or useful. If only the administrative villages were considered, the information 
would not be detailed enough to site boreholes. A combined solution was 
adopted. The study was conducted in all the administrative villages. In 
interesting cases and for planning purposes, some villages were divided by the 
organisers of the study. Normally each village is divided into several quarters 
and localities in the study. 
Interpretation of Results 
The OCCGE had conducted Guinea worm surveillance during five years in 
seven pilot villages. These studies counted the cases that manifested at 
different times of the year. It was thought that there were two seasons when 
the disease is prevalent in the Zou. Most cases are found from October to 
January after the end of the rainy season and before the harmattan. The 
second season was believed to be in April but was found to be of minor 
importance. In the study villages prevalence during the peak of the season 
represented about 40% of annual cases. These studies also measured the 
proportion of those infected who are disabled at a constant one-third throughout 
the year. 
Based on the relation between peak prevalence and yearly incidence and the 
constant proportion of disabled cases, a diagnostic survey method determines 
the relative incidence of infection. The sufferers found in the village are 
classified as mobile or disabled. Since the percentage of infected people who 
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are disabled is fairly constant, the number of disabled cases is an accurate 
indicator of prevalence which is an indicator of incidence. Although not as 
precise as complete year round diagnostic surveillance, this method has 
advantages in practical project implementation. 
One advantage of basing the case search on the number of disabled cases is 
that all disabled cases are found independent of the time of the study. Mobile 
cases are often not in the village during the visit of an external team during 
normal working hours. The team of investigators will find all the disabled cases 
in the village (and can verify that they are Guinea worm cases) independent of 
the time of the study. A census type survey is usually not able to contact all 
households in an area. 
The second main advantage of this method is that it relies on diagnosis of the 
disease rather than verbal reports or recollections. It was thought that at the 
best of times reports are subject to errors of recall as shown In a study of 
health impact of water supply in Imo State (Huttly et al.. 1990). With the 
incentive of a borehole for the "right" response, a study based on self-diagnosis 
was considered unreliable. 
The constancy of the relation between the number of disabled and the total 
cases was later verified in a larger sample. Between December 1988 and May 
1989 a monthly survey was carried out in 41 selected villages. These villages 
were a stratified sampling to focus mainly on high and medium incidence 
villages located throughout the study area. Non-endemic villages were not 
selected. At the same time of each month, the village based worker 
investigated every household in the village. He counted each case of Guinea 
worm, classified them as mobile or disabled and listed them as men, women 
and children. It was decided to record prevalence instead of incidence to avoid 
the necessity of writing names and the errors involved in learning when each 
case appeared. The monthly percentage of victims who were disabled remained 
remarkably constant over the length of the study. The results shown in Table 
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5.1 confirm the percentage used in the original calculation. (Disability by month 
by sex and age is shown in Table A. 1 in Appendix 3). The proportion of 33% 
is close to the 43% reported from South-West Nigeria (Kale, 1977), but is less 
than reports from Edungbola (1983) of 49-56%. This could be due either to the 
area and season of the studies or to a difference in classification. This study 
also showed the feasibility of village based reporting and evolved into the 
present system in 3 of the 5 districts. 
TABLE 5.1: DISABLED CASES AS PROPORTION OF TOTAL CASES 
Month Disabled Mobile Total Percent 
Disabled 
December 442 915 1357 33 
January 355 534 889 40 
February 383 913 1296 30 
March 207 428 635 33 
April 58 128 186 31 
Total: 1445 2918 4363 33 
The relation between prevalence during data collection and yearly incidence 
was originally calculated based on data from a sample of seven villages 
(UNICEF, 1989,1990; Chippaux, 1991b). The number of new cases was 
reported by month in 1991 to 1993. An average length of disability of 45 days 
was used with the monthly incidence reports between July 1991 and June 1992 
to calculate monthly prevalence which is then compared to annual incidence. 
This later larger sample of villages confirms that the prevalence in December 
is approximately 60% of the yearly incidence as used in the original 
calculations. The monthly distribution of cases is discussed more fully in 
Section 6.4. 
Incidence Survey January and April 1988 
The first survey was carried out in January and April of 1988. The aims of the 
survey were to detect the localities that suffer from Guinea worm in the region 
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and to calculate the approximate annual incidence. The study was also 
expected to aid in developing the strategy to combat Guinea worm in North 
Zou. A third important aspect was to highlight the problem of Guinea worm and 
make it a priority of the project. 
The first survey highlighted the problem of Guinea worm. It detected the 
endemic villages that were later programmed for intervention. Most important 
it changed Guinea worm from being an incidental measure of health impact and 
established Guinea worm eradication as a priority for the WATSAN project in 
the area and for all water supply projects in Benin. 
Case Search December 1988 and April 1989 
This survey was carried out by the same personnel as had carried out the 
search the previous year. With the previous search it established priority 
villages for intervention in the following years. It was done in December to be 
compatible with that of the following year which had to be done before the 
scheduled close of the project at the end of 1989. 
At the start of the second survey, there was a detailed list of villages from the 
previous search and other investigations by the project Discrepancies from the 
previous list were investigated. Commonly the village had several possible 
names. [This problem also arose in Nigeria but proved more difficult to 
resolve]. 13 villages that had gone unregistered in the first search were added 
to the list of 643 villages that were investigated (2%). 
The case search followed the same data collection method as the previous 
search and counted disabled cases. The estimated number of cases was 
calculated directly. Prevalence was taken as three times the number of 
disabled cases and it was estimated that 40% of the annual cases were patent 
during the study. Therefore annual cases were calculated as five times the 
number of disabled cases counted. In the few instances where the mobile 
cases were more than five times the disabled cases, the number of cases was 
set equal to the mobile cases. 
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Case Search December 1989 
Before the close of the project a case search using the same method as the 
previous searches was conducted. The number of cases was calculated in the 
same manner as the previous search. Because most of the work of the project 
was done after the transmission season that started in December 1988, the 
major results of the project are not reflected in any of these surveys. 
Monthly Case Reports 
Monthly case reports were collected in 84 villages in three of the five districts 
of north Zou for 1991/1992 and 95 villages for 1992/1993. Not all villages are 
included. Villages were included because of the national case search. It is not 
a random sample because there is more of an incentive to report from villages 
with Guinea worm than from villages without cases. The number of cases was 
reported monthly by a village based worker. The data from 1991/92 and 
1992/93 cannot be used directly to extend the analysis of the earlier data but 
is useful in certain comparisons. 
5.2.3 Other Data 
Borehole Data and Village Data 
The locations of boreholes drilled in the area before the project were available 
from records of previous projects. The locations of these boreholes were 
verified and all handpumps were assured to be functional during the early 
stages of the project. The maintenance system ensured that 95% or more of 
the pumps were functional at any time. The locations of boreholes drilled 
during the programme were noted both by coordinates and by village/locality. 
A map of the area was drawn using existing base maps from the Ministry of 
Agriculture (Ministry of Agriculture, undated). Villages not included on the base 
maps were added as well as borehole locations. Latitude and longitude of all 
boreholes were found using Magellan NAV 1000 GPS units. These coordinates 
were registered and used in reports. When using the given coordinates to plot 
villages on a computerised geographic information system, it was found that the 
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GPS coordinates were unreliable. Locations used in the analysis were reread 
using paper maps as discussed in Section 5.4. 
The locations of primary schools in the area were obtained from the Ministry of 
Education. They were verified during a school survey on the impact of Guinea 
worm on school absences (see Section 6.6.1) and during the distribution of 
didactic supports for hygiene education. The location and classification of roads 
are from a base map of Benin (IGN, 1984) and verified by daily use. 
Population figures are based on figures given by local officials and population 
estimates by the project teams. It should be noted that the sum of the 
populations obtained this way is higher than the official population in each of 
the five districts. 
5.3 NIGERIA 
5.3.1 The Environment 
Nigeria is located between 4° and 14° north latitude and between 3° and 15° 
east longitude. Administratively the country is divided into thirty states plus the 
federal capital territory (Figure 5.2). The states are further subdivided into 592 
Local Government Areas (LGA). The current arrangement is the result of an 
administrative reorganisation in August 1990. The country measures 922,000 
square kilometres and contains about 90 million people. The average 
population density is almost 100 persons per square kilometre which is much 
higher than other countries in West Africa. The population density varies a 
great deal but in general the population density is higher in the south than in 
the north except around Kano in the north which is also heavily populated. 
There are a large number of ethnic groups in Nigeria. One reason for the 
administrative reorganisation of August 1990 was to give different ethnic groups 
a measure of self rule. Among the many ethnic groups, three dominate by their 
size. The Ibos live mainly in the south east of the country (formerly Biafra), the 
Yorubas live mainly in the south west and the Hausa live in the north (Ajayi and 
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Crowder, 1983). Many past and present political and social problems can be 
traced to rivalries between these groups. 
Ecological and vegetation zones generally run east and west and vary mainly 
with distance to the coast, although they are modified by the two major rivers 
and altitude variations. The coasts are mainly coconut groves followed by 
mangroves giving way to freshwater swamps. The west African tropical rain 
forest is dense forest of tall trees and undergrowth. This gives way to guinea 
savanna, a mixture of trees and grasses. Further north, this becomes sudan 
savanna with fewer trees and shorter grasses. The sahel savanna found in the 
north east contains small scattered trees with grasses during the rainy season. 
Rainfall also varies generally from south to north with the wetter areas like 
Calabar averaging up to 3000 mm annually, while drier areas like Maiduguri 
receive an average of 650 mm (Iloeje, 1981). 
Transport in Nigeria is generally good with a very extensive road network. 
There are many private and public motorised vehicles and petrol is very 
inexpensive (N 0.70 (<£O. 05) per litre). National air transport is also well 
developed with several daily flights connecting most major cities. 
About 56% of the land lies between sea level and 1000 feet; 34% lies between 
1000 and 2000 feet; 10% is above 2000 feet. There are many perennial rivers 
including the two major river systems, the Niger and the Benue that meet 
before flowing to the Bight of Bonny where they have created a large delta area 
(Federal Surveys, 1974). 
Most of the north of the country is on a hard Basement Complex that outcrops 
in about half the areas. In other places, the basement is overlaid with 
sedimentary rock. In the south sedimentary formations predominate with the 
area dominated by the outflow of the Niger and other rivers (Federal Surveys, 
1974). Much of the soil is lateritic in nature because of the hot climate with 
alternating wet and dry seasons. Weakly developed regosols predominate in 
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the north with lithosols found in the central latitudes. Ferrisols are found north 
of the major rivers where water logged conditions are favourable for their 
formation. Ferralsols cover much of the centre south of the country. Alluvial 
soils are common in the river valleys, along the coast including the delta of the 
Niger and around Lake Chad. The areas where the rain forest still exists have 
soils rich in humus (Laboratory for cartography and remote sensing, 1992). 
Correlations between Guinea worm and various physical factors are considered 
in Section 6.3 with maps showing these features. 
Politically, there had been an ongoing transition from military to civilian rule 
during the four years of the study. The transition was completed at state and 
local government with elected officials in office. There were many problems but 
mostly among the civilians and not between civilians and the military. The 
announced transition at national level was postponed several times before 
elections. In June 1993 the planned elections were held. The elections were 
annulled but under pressure, the military president handed over authority to an 
"interim" civilian government led by the chairman of the previous "transition" 
government at the end of August. In October 1993, the military retook direct 
authority and unseated all elected officials at all levels. Like the past military 
governments, it also promises a return to democracy. 
The country depends on crude oil for most of its hard currency. In the 1970s 
and early 1980s, Nigeria experienced a boom in foreign earnings. This provided 
an extensive road network and infrastructures. However, since the peak of oil 
earnings in 1983, economic resources have fallen. Between 1991 and 1993 
the value of the local currency, the Naira, fell from N10 = £1 to N60 =£1. 
The per capita income of £225 is the twenty first lowest in the world. The 
external debt is 34.5 thousand million dollars with arrears of 1.4 thousand 
million dollars (World Bank, 1993). The resources of the country are unevenly 
spread. Corruption is commonplace. 
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Despite having the highest proportion of doctors to population (1: 6400) in West 
Africa, the health conditions of the population remain poor. The infant mortality 
rate is officially 95 per thousand. The life expectancy is 53 years. In 1991, 
there was a major cholera epidemic with a case fatality rate of over 10%. In 
addition to Guinea worm disease, malaria, onchocerciasis, schistosomiasis are 
also common. Acute respiratory infections and diarrhoea are major killers. 
Yellow fever and cerebral meningitis epidemics are frequent. 
In the early part of the 1980s most water supply including rural water supply 
was planned as large distribution networks. Small boreholes equipped with 
handpumps for rural communities started with a Water and Sanitation project 
in the southern part of the country in 1983. Since 1983, dwindling economic 
resources and the deterioration of existing systems have reduced the proportion 
of the population served by distribution networks. The rural water supply 
coverage in Nigeria is less than 25% (World Bank, 1993). Even this amount is 
subject to frequent problems of maintenance as discussed in Section 8.4. 
Semi-urban (towns greater than 15,000 but less than 50,000) water supply 
coverage is only estimated as 30% (FGN, 1991). Responsibility for water supply 
is fragmented with LGAs having nominal responsibility, the states having the 
work force and the recognised inefficient DFRRI having the money to award 
contracts. Unfortunately there has been no structure with the ability to 
supervise, control, or even effectively monitor the sector. This leads to many 
water borne diseases of which Guinea worm is one. 
Presentation of the environment - Asa LGA 
Asa LGA is located in the southern part of Kwara State and borders on Oyo 
State. It is 1700 square kilometres in area and lies between 8° and 8°50' north 
latitude and 4° 10' and 4° 40' east longitude. It derives its name from the Asa 
river, which flows north through the LGA to the Niger River. The river has been 
dammed to provide water to the state capital, Ilorin, which lies just to the north. 
The population according to the 1990 census is 81,773 of which 50.7% are 
female. The population density is 48 persons per square kilometre. The LGA 
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is divided into three districts. The major ethnic group is Yoruba. The main 
religion is Islam. Small scale farming and petty trading are the major sources 
of income. 
The altitude varies between 500 and 1500 feet. The vegetation type is forest 
savanna. The soil is mainly ferruginous. The geology of the area is mainly 
undifferentiated basement complex with some areas of older granite. Most 
water lies within 60 metres of the surface and light drill rigs are effective 
throughout the LGA (Egboko, 1988). Water supply has been targeted to 
Guinea worm endemic villages in the area since the mid 1980s. A study 
(Edungbola et al., 1987) found that there was an 81 % reduction in the number 
of cases in Guinea worm in 20 villages after water was supplied by the UNICEF 
assisted Rural Water Project. 
Selected LGAs 
There are nineteen LGAs selected for in depth examination of case evolution. 
They represent 7 different ethnic groups, 4 ecological zones and 5 geological 
settings. Conditions in these LGAs are summarised in Table 5.2. 
TABLE 5.2: STUDY LGAs IN NIGERIA 
LGA State Area 
(km') 
Popula- 
tion 
Ethnic 
Group 
Ecological Zone Geology 
Abakaliki Enugu 1140 225752 Ibo Forest savanna Sedimentary 
Afikpo Abia 266 103674 Ibo Forest Sedimentary 
Afikpo South Abia 372 71114 Ibo Forest Sedimentary 
Akingele Oyo 492 139587 Yoruba Forest Metasediments 
Akko Bauchi 2455 235325 Tangale Guinea savanna Sedimentary 
Akoko North Ondo 1027 251518 Yoruba Forest savanna Basement 
Asa Kwara 1531 81773 Yoruba Forest savanna Basement 
Bida Niger 2042 170725 Nupe Guinea savanna Sedimentary 
Gbako Niger 1838 104447 Nupe Guinea savanna Sedimentary 
Gombe Bauchi 1534 283189 Hausa Guinea savanna Volcanics 
Irepodun Kwara 1409 115517 Yoruba Forest savanna Metasediments 
Ishilu Enugu 906 132552 Ibo Forest savanna Sedimentary 
Kankia Katsina 1280 174322 Hausa Sudan savanna Basement 
Lapai Niger 2920 88172 Gwari Guinea savanna Sedimentary 
Malunfashi Katsina 944 156470 Hausa Sudan savanna Metasediments 
Obubra Cross River 1133 138429 Ekoi Forest Sedimentary 
Ohaozara Abia 498 133968 Ibo Forest savanna Sedimentary 
Oniche Abia 479 112417 lbo Forest savanna Sedimentary 
Shiroro Niger 7785 212839 Gwari Guinea savanna Metasediments 
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5.3.2 Measurement of Number of Cases 
During the First National Conference on Dracunculiasis in Nigeria in March 
1985, state ministries of health reported on the level of cases in each area of 
the country (Federal DSU Unit, 1985). This information was used to make maps 
showing the levels of incidence (Watts, 1985). After an agreement between 
Global 2000 and Nigeria, a Guinea worm secretariat was set up within the 
Federal Ministry of Health. At the end of 1988, a national case search was 
undertaken to further refine the knowledge of endemic areas. Enumerators from 
the health sector visited most villages across the country and investigated case 
histories of Guinea worm. Information collected was very detailed including 
names, ages and sex of victims. Results were totalled by Local Government 
Area and then summarised at state level. Unfortunately the design of the forms 
and the sheer mass of data collected did not permit computerisation of the 
results by village. Thus, much of the potential benefit to targeting individual 
villages was lost. However this initial survey helped to create awareness of 
Guinea worm among health workers and the general public and to mobilise 
support. Although there were many areas that were not covered in this search 
it proved the possibility of organising a national case search in the most 
populous endemic country in Africa. 
In 1989 the author was transferred to Nigeria from Benin and became a 
member of the NIGEP steering committee. To overcome the shortcomings of 
the first search, the steering committee reorganised the method of conducting 
the case search. The author redesigned the questionnaires and organised the 
summary sheets in a way that would permit data by village to be entered on a 
computer database file. This permitted the identification and subsequent 
targeting of individual villages rather than endemic areas. 
The enumerators were selected and trained by state Guinea worm task forces. 
Most of the enumerators were from the state health services. The surveys 
were coordinated at field level by the four NIGEP zonal facilitators who were 
members of the NIGEP steering committee. They ensured that data collection 
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and reporting was standardised across the country. Data was collected between 
December 1989 and March 1990 for the period 1 July 1988 -1 June 1989. 
The reporting year corresponds to that in North Zou for the similar reasons. 
Each of the national case searches had the following objectives: 
1. Identify individual infected villages 
2. Target and monitor interventions 
3. Mobilise resources to particular villages 
4. Trace evolution of Guinea worm occurrence and monitorthe programme. 
There were several parameters that defined the case search method. The 
case search had to cover the entire country and produce comparable results 
from all areas. The search relied on many enumerators who were assigned to 
this activity for a short term. They had to be quickly trained and quickly carry 
out the search. The information had to be organised in a form that could be 
used by those outside the programme especially those responsible for water 
supply provision. The method also had to be compatible with national case 
searches that were being organised in other countries. 
The case search design called for enumerators to visit each village and go to 
each household and find out the number of cases during the previous year in 
that household. The case searches followed the method set out by the WHO 
Collaborating. Center for Dracunculiasis and detailed in their guidelines for 
surveillance (WHOCCD, 1989). 
The second case search asked about the number and type of water supply 
used by the village in the rainy season and in the dry season as well as dates 
and names of those who provided improved water supply. Population 
estimates were also requested for each village. The responses to these 
subsidiary questions were not reasonable and later surveys tried to determine 
this information. 
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After the second case search, it was decided to concentrate the search on 
infected villages. The third case search included health education and in some 
places cleaning and bandaging Guinea worm wounds. Besides questions 
about Guinea worm, the survey counted the number of boreholes and wells in 
each village. The population size of the village was estimated as small (< 500), 
medium (500-3000) or large (> 3000). 
It became obvious to all involved that the major effort of NIGEP was being put 
into organising, carrying out and analyzing the annual case searches. It was 
necessary to concentrate more on reduction than on measurement. The fourth 
and final national case search was carried out during the set up of a monthly 
surveillance system. The village based surveillance worker reported on the 
number of cases from the previous year. Because training and start-up 
occurred at different times in different parts of the country, the period of the 
study varied more from state to state than did the previous three searches. 
In all, four national case searches were organised in Nigeria in successive 
years. This thesis uses data from the last three which were organised and 
implemented while the author was a member of the NIGEP steering committee. 
Monthly Village Based Surveys 
Starting in June 1991, monthly surveys were conducted in all endemic villages 
in Nigeria. The method of beginning a village based surveillance system starts 
with identification of the villages to have this surveillance. The choices are: 1) 
all villages, 2) villages reporting cases during previous two years or 3) all 
villages within an area reporting cases. Nigeria chose the second alternative. 
The set up of a village based surveillance system has six steps: 
1. Selection and training of LGA coordinators 
2. Training of village based workers 
3. Collection of information - village level 
4. Collating information - LGA, State, Zones 
5. National collation 
6. Analysis and distribution of results. 
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The village based worker was chosen by the village but strict criteria were 
given. In those villages with a village based worker responsible for water and 
sanitation, a village based health worker, he was chosen. The village based 
worker had to be trained. It was easiest in a cascading type training scheme 
where the national team trained the state team, the state team trained the LGA 
teams and the LGA team trained the village based workers. Besides 
maximizing use of manpower this scheme introduces supervisors to the people 
they will work with and facilitates common understanding. The village based 
worker counts the number of cases each month by visiting each house. 
Measurement of incidence is possible if the enumerator is familiar with the 
people being examined or can list those infected. The form had to be kept 
simple and extraneous questions kept to a minimum. It is necessary to monitor 
the eradication programme, so questions about water supply, health education, 
vector control, distribution/use of filters/strainers were also included. 
During 1993, simple treatment was added to the activities of the village 
enumerator in Nigeria. Instead of passive information gathering, the trend is 
accelerated to visible intervention that would help to keep up the level of 
reporting because people have a reason to keep reporting to the VBHW. 
There are problems in carrying out village based surveillance. It is often difficult 
to find literate villagers in endemic villages. The difference between incidence 
(new cases) and prevalence (existing cases) requires that the enumerator 
tracks cases which is difficult to train to an illiterate. Deliberate falsification is 
minimal when there is no incentive except extra work. But when non endemic 
villages (and village based workers) are dropped from an incentive system as 
was done in Pakistan, there is a financial incentive to keep reporting 
cases(TST, 1992). One of the biggest problems to the system of village based 
workers is collection and collation by the higher layers of the monitoring system. 
This is especially true in a large country like Nigeria and in areas where there 
are large distances between information collection and collation. Drop out of 
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village based workers is also common especially where no incentives (other 
than community service) are in place. 
Data collection and reporting forms used in Nigeria are shown in Appendix 1. 
5.4 DATA LIMITATIONS 
Village Location in North Zou 
In addition to indicating on a paper map the placement of all boreholes drilled 
by the project in North Zou, latitude and longitude coordinates were listed in 
reports. The project acquired Magellan NAV 1000 GPS units to aid determining 
coordinates. Three teams were trained and visited each borehole location and 
used the hand held units to read coordinates. These coordinates were 
registered and used in reports. When plotting these coordinates on a 
geographical information system for use in this thesis, locations were double 
checked against the paper map. It was found that the GPS coordinates did not 
correspond with map locations. The most probable reason for the errors was 
that the satellite network was not complete at the time so that often readings 
were taken with poorly positioned satellites or in 2 dimensional mode. 
Coordinates of all locations were revised using detailed maps of the region. 
Different sources of information 
lt was impossible (and not useful) for the same team to collect all the data in 
either North Zou or Nigeria. While the annual case searches followed the same 
general format, there were changes in the forms, questions and methods of 
information collection and collation to each year based on lessons from earlier 
searches. The composition of the enumeration teams changed yearly. The 
change from annual case searches to monthly village based reporting 
represents a complete change in method and the number of reported cases is 
not strictly comparable between the two methods. Secondary source data was 
gleaned from many sources several of whom compiled information from tertiary 
sources. 
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GIS 
A great deal of effort was put into collecting and organising the geographic 
information and collecting baseline infrastructure data in endemic LGAs. It 
should be noted that at the village level in Nigeria, this effort did not produce 
many useful results. This was due to the uncertainty of the results but more 
importantly due to difficulties in cross referencing villages between different 
studies. If data had been previously available, the use of GIS at village level 
might have been worthwhile. At a larger scale GIS was useful for display of 
information and communication of programme needs and activities. 
Village names 
Based on the results of the second case search in Nigeria, each endemic 
village was given a code number to identify it. Although the intention was to 
simplify tracking results from villages from year to year, the codes were 
inconsistently and incorrectly used. This meant that village names had to be 
used in most cases. However, although the third case search in 1990 was 
based on endemic villages from the second case search, it was very difficult to 
match up villages. This is the reason that the thesis uses a sample of LGAs 
rather than all LGAs. Matching difficulties were only partly due to the 
administrative reorganisation in August 1990 that redrew the boundaries of all 
LGAs. Much more difficulty was due to multiple names for the same locality, 
non unique names in a region, and spelling and pronunciation variations. 
Although this problem arose in North Zou, it was easier to resolve because of 
the lower number of villages and direct access to all enumerators. 
Population 
Population figures from Benin are based mainly on official figures of village 
population. Official figures are available by administrative village and not always 
by locality. Population estimates by the project teams were consistently higher 
than the official population figures. 
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The 1990 census in Nigeria changed the official population by 30 million people 
and stated a completely different population distribution. Because budgets and 
jobs are allocated on the basis of population, the previous figures were 
distorted. During the third case search, village size was given as small, 
medium or large. To avoid the political sensitivities of estimating village size, 
households were counted and not population in the fourth case search. The 
use of population estimates for villages has been minimised in the use of data 
from Nigeria. 
Case Search Method 
There are three main types of surveys used in this study to gather information 
about the number of cases of guinea worm. Each has advantages and 
disadvantages. 
During the national case searches enumerators went to each village and in 
principle asked each household how many people had Guinea worm during the 
previous year. The two obvious flaws with this method are that all households 
are not reached and that respondents do not always tell the truth. The lack of 
completeness would tend to underestimate the number of cases while the 
response errors would probably tend to overestimate them. This is further 
complicated during an initial national case search by the inexperience of the 
enumerators and deficiencies in the analysis. Errors of the latter kind are 
haphazard and difficult to correct. 
The case searches in the five districts of North Zou were based on an active 
counting of mobile and disabled cases. As such it minimises the problem of 
false positives. This method introduces uncertainty in the measurement of the 
incidence for a small population. Also, because the calculation of the absolute 
level of the incidence is dependent upon the multiplier developed based on the 
ratio of invalid cases at a given time relative to the number of total cases during 
the whole season and this multiplier is based on past history, it is possible that 
the level of the incidence must be adjusted when the monthly distribution is 
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examined. Because this problem affects the calculation for all of the villages, 
the relative number of cases is not affected. 
The most accurate method in principle is active diagnostic surveillance. This 
method is being tried with monthly case reporting by village based workers. The 
possible flaws during data collection are that the VBW is not medically trained 
(a minor problem because Guinea worm is distinctive), usually not well 
educated and sometimes biased. Even with these problems monthly 
surveillance should be the most accurate. Unfortunately it has proved difficult 
to sustain surveillance and reporting and it is possible that not all infected 
villages have been identified. 
Case Search in North Zou 1987/88 
The 1987/88 survey in North Zou differed in two respects from those carried out 
in the following two years. The first difference was that it was carried out in 
January, while the others were in December. The other difference was that 
incidence was considered the important measure not cases and results were 
rounded to the nearest integer percent. A partial incidence for each season 
was calculated for each village based on the number of cases counted and an 
estimate of the population. These partial incidences were added to determine 
the yearly incidence. To sum up incidence for the districts, the number of 
cases was then calculated based on the rounded value of the incidence and 
rounded to the nearest integer. This difference in rounding can result in a 
difference in the reported number of cases up to 1% of the population of a 
village. There is no bias in this difference. Unfortunately during a move of 
offices, the original forms were lost and the results could not be recalculated 
using the method of calculating cases used in later analysis. Although this 
might seem a loss of a great deal of accuracy, it is only the relative differences 
between villages that is measured and not absolute values. Since intervention 
began after this study, transmission was prevented during the second year's 
transmission season and cases fell between the second and third year. The 
baseline year for interventions during 1988/89 is 1988/89 not the year prior to 
intervention. 
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Implementation Limitations 
In addition to the design limitations, there are sources of error that creep into 
studies. Good training, design and supervision are necessary to keep these 
errors to a minimum. Some can be limited while others will remain a problem. 
Both accidental and intentional errors can be introduced by the enumerators. 
Training, clear concise instructions and experience can reduce accidental 
errors. Close supervision and verification can ensure that the enumerator 
knows how to carry out the survey and has visited the villages. 
Even a simple questionnaire can contain ambiguities and questions that are 
impossible to answer. A great deal of attention must be paid in drawing up the 
questionnaire pretesting and training enumerators how to use it. All terms 
including those that appear to be straightforward should be defined. Simple 
terms that required definition include: "household", "past year", "case of guinea 
worm", "major source of drinking water" and each type of drinking water. In 
Southeast Nigeria, certain small artificial ponds were considered wells. Major 
ambiguities arise from "past year" and "people in household. " If someone has 
Guinea worm now are they also counted as having had it during the past year? 
If a family member lives and works away from the village, is he still a member 
of the household? It is often impossible to name the major source of drinking 
water because it often varies over the year and among household members. 
These semantic problems are compounded when the questionnaire is 
translated (sometimes through one or more intermediate steps) into local 
languages. 
Errors arise from the respondents. It has been shown that the recall of Guinea 
worm even under nearly ideal conditions is not that accurate (Blum et al., 
1990). Often a respondent for a household does not know how many other 
members of the household have had it during the past year. This is especially 
true in large households with several wives and many children where the head 
of the household is not directly responsible for health care of each member. 
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Possibly the biggest source of error by the respondent is falsification. Many 
people will lie to government workers on general principles. In addition when 
a positive response will mean a new water source for the village, there is an 
incentive for reporting cases. 
Errors arise from tacit assumptions during the design and implementation of a 
survey. Some of these are about the nature of a village, social groupings, 
population distribution patterns. For example, what may be a village to a 
government administration might be several villages to the inhabitants. When 
the survey is conducted, it may neglect hamlets attached to a village. 
The errors arising in supervision and collation of results can be severe. The 
initial case search in Nigeria contained several misleading reports. Intentional 
falsification of information possibly to receive more funding seemed to be 
common. Even with the best intentions, uncertainty of location of villages, 
incorrect and incomplete list of villages, multiple names, non unique names, 
missing information and repeat information all cause problems. 
With practice (after the first case search), the method is refined, systematic 
problems are minimised and enumerators become more accurate. The 
limitations of both faulty recall and inaccurate (self) diagnosis remain. An 
unexpected problem that arose in Nigeria during collation of monthly 
surveillance was that the LGA summary form was filled out by the LGA 
coordinator in the order that reports were received from villages. This order 
was then followed at state and zonal level. Although this did not cause 
problems in LGAs with few endemic villages, in the most endemic areas in the 
southeast, it caused utter chaos in collating the results. This was further 
aggravated by the multiple names for villages and the non uniqueness of 
names. Since data entry and analysis was carried out at national level, this 
problem caused multiple inaccuracies in the data reports and wasted much time 
in cross identification. The problem was solved when the zones were trained 
to enter the data on spreadsheets and to print out forms for each LGA with 
villages listed in the same order each month. 
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Although there are these multiple limitations of surveys in general and flaws in 
each method, the data can be analyzed to yield valuable information if the 
limitations are recognised and absolute precision is not critical. This is the case 
with this study where relative values are more important than absolute 
numbers. The number of villages considered is large enough in each analysis 
to balance individual errors. 
106 
CHAPTER 6 
FACTORS AFFECTING GUINEA WORM 
6.1 INTRODUCTION 
In this chapter the extent and distribution of Guinea worm both by infected 
village and number of cases is examined in relation to physical and social 
factors. Correlations that affect individual villages will have a confounding effect 
on the measurement of the effect of water supply provision. These 
confounding variables will be minimised in the analysis in the next chapter. This 
chapter also looks at the socio-economic impact of Guinea worm. 
Section 6.2 examines the distribution of Guinea worm in North Zou and Nigeria. 
The extent of Guinea worm determines the size of the programme that is 
necessary for eradication. The number of interventions required is related to 
the number of infected villages. The strength of transmission is related to the 
number of cases. Both elements of Guinea worm are examined. 
Section 6.3 examines the major factors that affect individual villages. The 
population, accessibility, distance to rivers and presence of a primary school 
are examined for impact on the incidence and endemicity. Because water 
supply interventions vary with village size, the distribution of infected villages 
by population is determined. 
The seasonal nature of Guinea worm transmission is examined in Section 6.4. 
Seasonal transmission is important for determining impact and has an influence 
on certain interventions such as rainwater harvesting and water treatment. 
Large scale factors are examined in Section 6.5. Annual rainfall and other 
physical geographical factors such as ecology/vegetation, altitude, geology and 
soil type are examined. Social factors including religion and ethnic group and 
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demographic factors of population density and female to male ratio are 
examined. 
Section 6.6 shows the social and economic impact of Guinea worm. A school 
study from Benin is presented showing the relation between absenteeism and 
incidence. The economic impact of guinea worm by state in Nigeria is 
calculated. 
6.2 DISTRIBUTION OF GUINEA WORM 
The size of the eradication programme is dependent on the extent of Guinea 
worm. Infected villages are assumed to represent transmission points. The 
effectiveness of eradication is dependent on the ability to find and stop all 
transmission. The number of cases is a direct measure of the effectiveness of 
the programme. The distribution and degree of clustering of infected villages 
and cases are examined in this section. 
6.2.1 Infected Villages 
Background: Within the range of Guinea worm disease that extends across 
Africa, Guinea worm endemic villages seem to be highly concentrated in only 
certain areas (Hopkins, 1990; Watts, 1987; Edungbola et al., 1988). The 
strength of this concentration determines the degree to which resources for 
surveillance, water supply and other interventions can be targeted to these 
areas based on the number of endemic villages. If Guinea worm occurs with 
equal probability in all regions, the eradication programme must be very large. 
Data: The location of villages in Nigeria that reported cases during 1990/91 are 
shown in Figure 6.1. The number of infected villages in each LGA is plotted 
on a dot density map. At this scale it appears that infected villages are not 
randomly located throughout Nigeria. It was not possible to know the number 
of villages per LGA to analyze whether the endemic villages are randomly 
dispersed by LGA. Endemic LGAs are not randomly dispersed by state (x2 = 
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241.07: p=0.0000). Endemic villages occur in about 50% of the LGAs in the 
country. 
At a much larger scale (approximately x 10), the location of both infected and 
non-infected villages during 1988/89 in North Zou are shown in Figure 6.2. As 
can be seen at this scale, not all villages in endemic areas are infected. There 
is no strong clustering within the area other than that due to the population 
distribution. This interspersion of infected and non-infected villages occurs in 
most areas of Nigeria. Maps similar to Figure 6.2 are shown in Appendix 2 for 
North Zou, 1989/90 and for Asa for 1989/90 and 1990/91 (Figures A. 1-A. 3). 
Discussion: 
Guinea worm infected villages form endemic areas but within these areas there 
is not a high degree of clustering. The number of infected villages per state in 
Nigeria ranges from 0 in 4 states to 1025 (22%) in Enugu State. 
The range of endemic villages is limited to about 50% of LGAs. This allows 
Guinea worm projects to be concentrated somewhat but also causes problems 
for the integration of activities within government agencies that deliver services 
to both endemic and non-endemic areas. The eradication programme in 
Nigeria must cover one half the country. The number of infected villages per 
LGA in Nigeria varies between 0 and 248. Water supply provision could be 
complicated by the difficulties in planning both few interventions as well as 
providing a large number of water systems in a small area. In North Zou, 62% 
- 66% of the villages were infected each year. There was no geographical 
clustering of infected villages within this small region or in Asa LGA in Nigeria. 
Geographic correlations of endemic areas with various physical, environmental 
and social factors are examined in Sections 6.3 and 6.5. 
Conclusion: Guinea worm eradication programmes can focus on endemic 
areas in half the local governments spread throughout the country and not work 
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in all areas. The unevenness of incidence in endemic areas agrees with 
findings by Belcher et al. (1974). 
6.2.2 Guinea worm cases 
Background: Within endemic areas it seems that the incidence of Guinea 
worm is very uneven. If Guinea worm cases are highy concentrated and if they 
can be controlled in these places, the number of cases can be reduced rapidly. 
Transmission depends on cases of disease discharging larvae into water points 
capable of continuing the life cycle. It is impractical to examine every water 
point. The number of cases of Guinea worm serves as an indicator of water 
conditions that transmit Guinea worm. 
Smallpox was eradicable because each source of transmission could be traced. 
Because Guinea worm transmission is spatially static, reports of cases are 
assumed to indicate where transmission occurs and in principle allow each 
transmission point (or sets of points) to be found and possibly categorised by 
strength of transmission. 
Data: The cases reported in Nigeria in 1990/91 are mapped in Figure 6.3 
which shows that Guinea worm cases are very highly clustered, more so than 
villages. This clustering appears on all levels of the 250 endemic LGAs. In 
1990/91,35 (14%) contained 75% of the cases. The same effect is seen in 
North Zou and the entire Benin Republic. In Benin most cases are found in 
North Zou plus some areas of Mono and Ouem6. 
When the scale is changed to focus on an endemic area, the geographical 
clustering is considerably less pronounced. The incidence in 1989/90 in the 
villages of Asa LGA in Kwara State is shown in Figure 6.4. The distribution of 
cases per unit population is random. This lack of geographic clustering within 
an endemic area is also observed in the five districts of North Zou. The 
incidence varies widely among villages in the same area. Figure 6.5 shows the 
distribution of cases in 1988/89 in North Zou. Information for other years is 
shown in Figures A. 4 and A. 5 in Appendix 2. 
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Discussion: Guinea worm is very much concentrated within certain geographic 
areas. This is most likely due to the ease of transmission in these areas. As 
discussed in Section 3.5, the possibility of transmission is dependent on the 
species of cyclops in surface water, the type of water source, climate, human 
behaviour and presence of Guinea worm larvae. Within an endemic region, it 
is likely that water supply and behaviour play the major role affecting the 
number of cases. 
There are four possible sources for reported cases in a village: 
1. Resident contaminated at water points in the village. 
2. Resident infected at water points outside the village used only by the 
village. 
3. Resident infected at water points used by several villages. 
4. Resident or outsider infected elsewhere. 
With transmission inside a village, it would be expected that there would be 
many cases since many residents drink from the same point. ° An improvement 
or replacement of this water source would greatly affect the number of cases. 
There would be less exposure to a water point outside the village but used only 
by the village and thus fewer cases. Water points in this category would be 
difficult to locate so that improvement or chemical treatment would not be 
useful. If transmission is from water brought back to the village, water supply 
provision to the village would have a great effect since users would most likely 
prefer the closer improved source. If the water point is used when the villagers 
are outside the village (e. g., agricultural sites), water supply provision to the 
village would have little or no effect on incidence. Transmission points used by 
several villages would have to be large to serve more than one village 
facilitating identification for treatment or improvement. When the water is used 
on site such as a marketplace, water provision in the villages where the cases 
are detected would have much less effect than water supply at the transmission 
site. 
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Guinea worm is found essentially in six regions of Nigeria with only a few (<2%) 
scattered cases reported from outside these areas. The endemic areas can be 
divided into the following categories (from Figure 6.3 with states as from Figure 
5.3). 
Northwest: comprising Sokoto, Kebbi, Katsina, Jigawa and adjacent 
areas of Niger State (Magama, Rijan, and Kontagora). 
Southwest: comprising Ogun, Oyo, Osun, Kwara and adjacent areas 
of Niger State. 
Ondo: a very heavily endemic area. This includes the northwest 
corner of Edo state bordering on Ondo. 
Southeast: comprising Enugu, Abia, Cross River and the adjacent 
areas of Benue. 
Northeast: comprising Bauchi, Yobe, Borno and Adamawa. 
Benue-Plateau: comprising Guma and Makurdi LGAs in Benue and Awe 
and Obi LGAs in Plateau. 
Because of this high concentration of cases in a few villages, targeted 
interventions to these highly endemic villages should have a much larger impact 
than interventions targeted to an endemic area or. even to endemic villages 
within endemic areas. Table A. 2 in Appendix 3 shows the distribution of cases 
per village in Nigeria. The ability to target interventions is dependent on the 
identification of strong transmission sites based on past cases. This hypothesis 
is examined in Section 7.2. 
6.3 FACTORS AFFECTING INDIVIDUAL VILLAGES 
6.3.1 Population Size and Incidence 
Section 6.3 examines the effect of various factors on the incidence and 
endemicity in individual villages. In this section the correlation between 
population, accessibility, distance to rivers and educational opportunity and 
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incidence are calculated. The distribution of infected villages by size is also 
analysed. The results of this section will be used in Chapter 7 to eliminate 
confounding variables when determining the effect of water supply provision on 
Guinea worm. 
Background: Small villages have been said (Tayeh and Cairncross, 1992) to 
be more heavily infected than larger ones. Since the type and cost of water 
supply depend on village size, it is important to know the target group of 
villages and the relative severity of Guinea worm. It is also necessary to 
minimise the confounding variables when examining the effect of water supply 
interventions (Section 7.4). 
Data: Information used for this analysis comes from studies in four separate 
regions. Information on the population and number of cases is available for 
administrative villages in Zou Province in Benin for the year 1989, for all 
villages including hamlets in five districts of North Zou for the years 1987/88, 
1988/89 and 1989/90 and all villages for Asa LGA in Nigeria for the years 
1988/89,1989/90 and 1990/91. Information on the population and number of 
cases of infected villages is available for Nigeria for the year 1990/91. Only 
infected villages are included in the latter. Some but not all non-infected villages 
were included in the Nigeria case search with the number and percentage of 
non-infected villages varying widely between areas. Since data are not 
available for all non-infected villages, data from non-infected villages when 
available are excluded from the Nigeria analysis. The data from North Zou and 
Asa LGA are disaggregated by the presence of a source of safe drinking water 
supply in the village. Villages are grouped in categories according to population. 
These categories are 1-200,201-500,501-1000 and greater than 1000. For 
the data of Nigeria the greater than 1000 category has been divided into 1001- 
1500 and greater than 1500. The groupings were chosen to be the same as 
those used in the calculation of water supply needs in Chapter 9. 
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There is a very strong inverse relation between the size of a village and the 
incidence. Between each size classification of village there is a large drop 
incidence as detailed in Table 6.1. Table 6.1 shows the measured incidence 
by village size which is indexed to villages with 1-200 population for 
comparison. This drop holds true for both villages with a safe drinking water- 
supply and those without. The relation is approximately the same whether all 
villages in a region or just infected villages are considered. These results are 
significant as measured with a x2 test with 6 degrees of freedom. For incidence 
in North Zou using the number of villages in three classes (0%, 0-5% and >5%) 
as a function of village size, x2 = 73.05: p=0.0000 for 1988/89 and x2 = 
53.50: p=0.0000 for 1989/90 (Table A. 3 in Appendix 3). 
TABLE 6.1: INCIDENCE AS A FUNCTION OF VILLAGE SIZE 
1- 
200 
201- 
500 
501- 
1000 
1000 
- 
1500 
>1500 
Nigeria 1990/91' 
Incidence % 23.2 16.6 9.8 7.2 4.2 
Index 1.00 0.72 0.42 0.31 0.18 
Zou Province Benin 1991 
Incidence % 5.96 3.36 1.32 1.07 
Index 1.00 0.56 0.22 0.18 
North Zou Province (1987/88-1989/90)2 
Without safe water Incidence % 8.89 5.05 4.06 1.99 
Index 1.00 0.57 0.46 0.22 
With safe water Incidence % 4.11 2.84 1.90 1.07 
Index 1.00 0.69 0.46 0.26 
Asa LGA (1988/89-1990/91) 
Without safe water Incidence % 3.72 3.03 2.56 
Index 1.00 0.81 0.69 
With safe water Incidence % 2.19 1.46 0.44 
Index 1.00 0.67 0.20 
Average index 1.00 0.67 0.41 0.24 0.18 
1. Data for Nigeria 1990/91 include only infected villages. 
2. Data for villages >1500 combined with villages 1000-1500. 
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Discussion: The incidence of Guinea worm is strongly related to village size. 
Larger villages are likely to have more water sources than smaller villages. Not 
all water sources are contaminated and villagers whose drinking water comes 
from uncontaminated sources are less prone to Guinea worm. 
Since transmission is on a sub-village scale, village based workers could be 
trained to identify those areas of a village where transmission is most likely. 
If the same ponds account for transmission each year, the village leaders and 
health committee could arrange the replacement of the infected pond(s) by 
other water sources in the village. For the larger villages and towns, water 
supply provision to the village as a whole will not necessarily affect those most 
at risk unless they have access. It is very difficult for large water projects to 
plan water supply lower than the village unit. 
Larger villages and towns are often better developed and likely to have better 
water sources. The detailed data on water supply are from areas that do not 
have many large villages and so cannot be used to analyze the relation 
between population and water supply in large villages. In villages with 
population up to 1500, there is a very strong effect of population size 
irrespective of the presence of lack of improved water supply. 
There are several social/cultural factors that correlate with village size that 
could also affect incidence. Levels of education, mobility, municipal services 
and health care improve with village size and could help to diminish Guinea 
worm. The effect of mobility is examined in Section 6.3.3 and the effect of 
educational opportunity is examined in Section 6.3.5. 
The higher incidence in smaller villages means that a programme designed to 
maximise water supply coverage will not reach all infected villages or even 
those with the highest incidence. Groundwater extraction is often impractical 
in smaller villages and small villages were expressly excluded from projects in 
North Zou and Nigeria as discussed in Section 9.3.2. Other methods must be 
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encouraged to reach the smaller villages with high incidence levels. 
A programme that aims to reduce the number of cases will focus on those 
villages with the most cases. To eradicate Guinea worm the programme must 
work in all endemic villages. The size distribution of endemic villages is 
discussed in the following section. 
Conclusion: The incidence is strongly inversely related to the population size 
of a village. All analyses of impact of interventions and factors of transmission 
must take village size into account. 
6.3.2 Size Distribution of Infected Villages 
Related to the correlation between incidence and village size is the size 
distribution of endemic villages. 
Background: In the previous section, it was shown that the incidence of 
Guinea worm varies inversely with the population of a village. Because there 
are often different procedures for different sized villages, it is important to 
examine the spread of village sizes that have Guinea worm. Health service 
delivery varies by size of the village. For small villages, villagers can be trained 
to provide basic services. For medium sized villages, a village health worker 
from the LGA visits the village periodically. Large villages often have a full-time 
clinic or dispensary. Coordination of eradication programme activities is 
complicated because there are different departments in the Ministry of Health 
responsible for each of these services. 
Water supply administrations usually only have two divisions for large and small 
systems. However these are usually two completely different administrations - 
the water board, a parastatal company, and the rural water supply directorate, 
a technical service of the state government. This division applies in most 
countries in Africa. There is little or no similarity in methods and usually little 
communication between the services. Within each administration there are 
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often different services responsible for different villages. Water supply 
technology can be divided into five types according to the size of the water 
supply system. 
Very often small villages with less than 200 people are ignored by government " 
water services. Water supply by drilled borehole with handpump has become 
common for villages with populations between 200 and 1500. Above 1500 
people the number of handpumps becomes excessive and often a small 
reticulated system including a power pump and storage is the preferred 
solution. Towns with more than 10,000 people usually require a more 
sophisticated system. City water systems are often constructed and 
administered as separate entities. Most plans for targeting water supply for 
Guinea worm eradication assume that conventional rural water supply projects 
can reach all endemic villages (Prins and Yacoob, 1988). 
Data: The size distribution of infected villages in Nigeria in 1990/91 is given in 
Table 6.2. Of the infected villages, 1117 (23%) have fewer than 200 
inhabitants while 343 (7%) of the infected villages have more than 1500 
inhabitants. The small villages contain 10% of the cases and the large villages 
23% of the cases. Neither of these classes can be neglected by the 
eradication programme. 
In North Zou, the villages are not as large as in Nigeria. The study in North 
Zou looked at all villages not just those reporting cases. The endemicity was 
less strongly affected by village size than the incidence but in the opposite 
direction. In villages with population >1000, endemicity was 12% higher than 
in villages with less than 200 people (Table A. 4 in Appendix 3). By the Mantel 
extension chi square test for lineartrend (Epilnfo Version 5) the difference was 
significant at the 95% level ()2 = 5.86: p=0.0155). In. the five districts, 89 of 
the 150 small villages (<200), 318 of the 473 medium sized villages (201-1500) 
and 27 of the 34 large villages reported cases. The distribution of all villages 
was 23% small, 72% medium and 5% large. 
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About one fourth of endemic villages are small in both areas. Because water 
supply and health interventions are planned to have maximum effect (i. e., affect 
the maximum number of people), they are often not targeted to small villages. 
This is reflected in the lower water supply coverage. In North Zou, water supply 
coverage was 38% in small villages and 77% in medium sized villages. 
TABLE 6.2: SIZE DISTRIBUTION OF INFECTED VILLAGES IN NIGERIA 
1990/91 
Number of infected villages by village population size 
State 
1-200 201-500 501- 1001- 1501- >3000 
1000 1500 3000 
Abuja 6 2 3 
Anambra 221 415 266 83 39 1 
Bauchi 48 97 51 14 6 
Bendel' 18 16 3 
Benue 54 168 12 1 
Borno 21 30 38 12 12 1 
Cross River 28 30 6 4 5 
Gongola 2 4 6 16 
Imo 55 68 50 14 10 4 
Kaduna 3 2 1 
Kano 31 102 54 19 25 44 
Katsina 27 74 86 34 46 9 
Kwara 191 136 24 6 3 
Niger 191 87 21 1 1 
Ogun 16 40' 20 2 2 
Ondo 60 196 34 16 29 32 
Oyo' 483 49 12 
Plateau 8 12 6 9 2 
Rivers 7 1 3 3 1 
Sokoto 169 223 123 51 37 9 
Total 1117 2182 807 337 241 117 
I Villages infected in 1989/90. 
Discussion: Although it was seen in the previous section that incidence is 
higher in small villages, the endemicity is higher in large villages. Although 
incidence is much higher in small villages, because of their size they do not 
account for most cases. 
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Large villages are more likely to be infected than small villages. This can be 
due to transient cases that are independent of transmission but dependent on 
the population. It can also be due to the effect discussed in the previous section 
that with more water points, it is more likely that one will be contaminated. 
Small villages IDopulation < 200: Both in Nigeria and North Zou, 23% of the 
endemic villages have less than 200 inhabitants. The average incidence in 
these villages in Nigeria is 23.2% (1990/91). Guinea worm is more likely to be 
catastrophic in these villages because the whole family including extended 
family members who live in the village is likely to be affected. When family 
members are stricken, the other family members must take their place in 
priority activities. In small villages there is no alternative source of labour. 
Since most of the people in small villages are subsistence farmers there is a 
direct impact on production and nutrition. 
External assistance to these villages is usually made easier by a more 
developed sense of community than in larger villages and towns. This makes 
community mobilisation and united action more realistic. A village based 
worker knows everyone in the community and can help each person to avoid 
Guinea worm. The drawbacks with working with small villages are usually lower 
available technical and organisational skills, often a lower level of education and 
usually little or no internal financial resources. There are often many other 
problems associated with these negative conditions and Guinea worm may not 
be perceived as a high priority. 
Boreholes equipped with handpumps where technically feasible are often not 
economically realistic. The per capita capital cost of a borehole is inversely 
proportional to the number served and thus higher in smaller villages and more 
difficult to justify economically. Village level maintenance often causes a 
problem due to lack of skills and finances. For these reasons water supply 
options other than boreholes are preferable in small villages. Such options 
include dug wells, spring development, rainwater harvesting and pond 
protection. 
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Medium sized villages (population 200-1500: In Nigeria, 2758 (65%) of the 
endemic villages have between 200 and 1500 inhabitants. These are the 
primary target villages for most rural water supply programmes including the 
ones on which the author has worked. Where conditions are favourable, 
boreholes equipped with handpumps provide a rapid cost-effective means of 
safe drinking water. Other water options for this category of villages include 
dug wells, rainwater harvesting and spring developments as discussed in 
Chapter 8. 
Large villages and towns (population > 1500: In Nigeria, 343 (7%) of the 
endemic villages have more than 1500 people. There are 117 (2%) with more 
than 3000 people. These towns had 61,830 cases in 1990/91 which are 23% 
of all cases. Incidence is lower in the towns and the higher level of water 
supply provision is usually more expensive per capita. Thus water supply per 
case of Guinea worm is much higher in large than in small and medium sized 
villages. Most of the large endemic villages are in the north with 46 in Sokoto, 
55 in Katsina and 69 in Kano. The northern towns are more dispersed 
geographically which makes the cost of a reticulated system more expensive. 
A reticulated system with a power pump and storage facilities is usually the 
design choice for this category of villages. 
Conclusions: Although 65% of endemic villages can be supplied in principle 
through conventional rural water supply programmes, effective water supply 
options and software alternatives that provide safe water must be designed for 
the smaller villages which account for 23% of endemic villages. Water supply 
provision and use in the larger villages that account for 23% of the cases in 
Nigeria must be improved. 
6.3.3 Accessibility 
Background: A condition cited as found in endemic Guinea worm villages is 
inaccessibility (Edungbola, 1980,1983; Belcher et al., 1975). Other factors 
such as poverty, ignorance and lack of access to medical facilities and other 
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services are strongly correlated with accessibility in most areas. However, 
mobility that comes with accessibility increases the chance of spread of 
infection into previously uninfected villages (Watts, 1984,1987b). The 
accessibility of villages is an important factor for improved water supply since 
the use of heavy drilling equipment is limited to where it can be driven on 
roads. The equipment and teams for dug wells are limited to where a four 
wheel drive vehicle can reach. 
Data: The locations of all villages in the five districts of North Zou are known. 
Villages were classified according to if they were within 800 metres of a main, 
secondary or tertiary road or no road (Figure 6.6). Population and cases for 
each of the three years were subtotalled by classification and incidence 
calculated. The results shown in Table 6.3 show that the chances of infection 
are lowest for those with access to main roads (1.3%), higher for those with 
access to secondary roads (2.2%), higher for those with tertiary roads (2.8%) 
and highest for those not having access to any type of road (4.3%). 
A similar analysis in Asa LGA showed comparable results. In Asa roads were 
classified as paved (main), dirt (secondary) and no road (Figure A. 6 in 
Appendix 2). In 1988/89 before the effect of the intervention programme, 
incidence was 1.9%, 3.3% and 4.2% respectively. By this classification the 
incidence in North Zou was 1.3%, 2.5% and 4.3% respectively. 
Discussion: There are some related factors that could account for this result. 
The average population varies with the accessibility. Villages on main roads 
have an average of 769 inhabitants, those on secondary and tertiary roads 608 
and 617 respectively and those off-road 400. Using the information in the 
previous section, population difference could account for 14% difference 
between main and secondary and tertiary roads and for a 27% difference 
between main road and off-road incidence. 
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FIGURE 6.6: ROADS AND INCIDENCE IN NORTH ZOU 1988/89 
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TABLE 6.3: GUINEA WORM AND ROADS IN NORTH ZOU 
Number Cases Incidence (%) 
Type of 
Access 
of 
Villages 
Population 
87/88 88/89 89/90 87/ 88/ 89/ 3 
88 89 90 yrs 
Main roads 133 102302 2258 1579 663 2.2 1.5 0.6 1.4 
Secondary 119 72421 2575 1475 765 3.6 2.0 1.1 2.2 
roads 
Tertiary roads 97 59883 1570 1570 880 4.4 2.6 1.5 2.8 
No roads 308 123274 8136 996 815 6.6 4.1 2.3 4.3 
Water supply is another factor that influences these results. In those villages 
with access to improved water supply, the effect was much less than in those 
villages without a safe water source (see Table A. 19 in Appendix 3). Other 
factors include standard of living, access to social services, physical 
infrastructure and level of education. An interesting effect is noted by 
comparing the change in incidence between 1987/88 and 1989/90 for each 
class. On main roads the fall was 94%, on secondary roads 70%, on tertiary 
roads 66% and off road 65%. This correlates well with the access to health 
education/social mobilisation messages during this period. 
Conclusion: The incidence in villages that have no access to roads was 
measured to be about three times the incidence found on main roads. In North 
Zou between 50% and 60% of the cases occur in villages not readily accessible 
by road. This would be different in other areas according to the general access 
to roads. If water supply, health education and case containment is to reach 
these areas, outreach capacity must be improved and water supply options 
varied. 
6.3.4 Rivers 
Background: The most frequent source of Guinea worm transmission is ponds. 
Rivers do not transmit Guinea worm due to several factors. The density of 
cyclops in a flowing river is never very high. It has been shown that species 
responsible for transmission are rarely found in rivers and that cyclops found 
in rivers act as intermediate hosts only in rare circumstances (Chippaux, 1991). 
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The flow of a river will serve to disperse any larvae that are ejected into it. The 
zooplankton of flowing water is more varied than stagnant ponds and there are 
other predators of the larvae and the cyclops. With a low density of both 
cyclops and larvae the probability is low for a cyclops to ingest a larva. The flow 
of the river will move any infected cyclops many miles in the 10-14 days 
between ingestion of the larva and when the cyclops is infective, not allowing 
Guinea worm to establish itself in an area. 
Rivers are a source of drinking water in much of the world. Although heavily 
used rivers flowing through heavily populated areas are likely to be 
contaminated with pathogens other than Guinea worm, it is probable that they 
are less contaminated than small ponds. 
In Asa LGA (Figure A. 7 in Appendix 2), and in North Zou (Figure 6.7), the 
locations of perennial rivers and villages were plotted on a geographic 
information system. Corridors were drawn around the rivers at distances of 0.5, 
1,3,5 and 10 kilometres. The population and number of cases in villages 
within each distance were noted. Because of the strong effect of water supply, 
those villages within 3 kilometres of an improved water supply were excluded 
from the analysis. Three kilometres was chosen as the maximum distance that 
villagers go for safe water. This condition does not change the results. 
In the North Zou, very few people live near the perennial rivers. Only 1.6% live 
within 500 metres, 4.3% within 1 kilometre and 17.1 % within 3 kilometres. In 
Asa, many more people live close to the rivers - 10% within 500 metres and 
31 % within 1 kilometres. The results aggregated to 0-1,1-3 and >3 kilometres 
are shown in Table 6.4. In Asa, the incidence within 1 kilometre of rivers is 
about 50% less than the incidence at distances greater than 1 kilometre, 
whereas in North Zou the incidence is 58% higher in those villages within 1 
kilometre of rivers. In Asa, the incidence further than 1 kilometre is 
independent of the distance to rivers whereas in North Zou, it is at a minimum 
between 1 and 3 kilometres. 
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TABLE 6.4: INCIDENCE AND DISTANCE TO RIVER NORTH ZOU AND ASA 
LGA 
<1 Km 1-3 Km >3 Km 
North Zou 
No of villages 28 92 539 
Population 15321 45885 296674 
Incidence 1987/88 % 5.8 4.7 4.2 
Incidence 1988/89 % 2.9 2.5 2.7 
Incidence 1989/90 % 1.4 1.2 1.5 
Asa 
No of villages 212 228 90 
Population 38387 52765 16054 
Incidence 1987/88 % 2.4 4.5 3.4 
Incidence 1988/89 % 2.2 3.4 2.8 
Incidence 1989/90 % 0.2 1.3 0.9 
North Zou (no water) 
No of villages 19 65 309 
Population 6255 21473 120569 
Incidence 1987/88 % 9.0 5.5 6.8 
Incidence 1988/89 % 4.2 3.8 4.6 
Incidence 1989/90 % 2.9 4.6 2.6 
During the second national case search in Nigeria 1988/89, leaders in each 
village were asked to identify the major source of drinking water. The incidence 
for those villages reporting the use of ponds during the transmission season 
was slightly higher than for those reporting the use of rivers. However the 
water supply section of this questionnaire has many inconsistencies and is not 
reliable. 
Discussion: At the small scale of Asa and North Zou, the comparison 
concerns primarily the effect of possible use of rivers as the usual drinking 
water source. The results from Asa are about as expected. Since river water 
does not transmit Guinea worm, the incidence is lowest close to rivers. Rivers 
seem to be used as a source of drinking water only for those within 1 kilometre 
and then not exclusively. The population density of Asa is higher (21 per km2) 
and this reduces the average distance necessary to search for water during the 
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transmission season at the start of the dry season. A study of the effect of lake 
creation (Adekolu-John, 1983) suggested that secondary back flow ponds were 
a major source of infection. An analogous effect was not observed in Asa. 
The results from North Zou are contrary to what was expected. The incidence 
was highest nearest to rivers. It was lowest 1-3 kilometres distant (Figure A. 7 
in Appendix 2). Explanations of this finding can possibly be found in the very 
low percentage of people who live near perennial rivers in the area. This is due 
mainly to the black flies that carry onchocerciasis found near rivers. There are 
also more mosquitoes and malaria incidence is probably higher in these areas. 
The author has noted that the concentration of other insects near these rivers 
is annoying. It seems that the rivers in the North Zou are not used for drinking 
water and that the pools around the rivers are a more likely source of drinking 
water. This accords with the findings of transmission in secondary pools cited 
above (Adekolu-John, 1983). However, because the sample size is small (5860 
people - 8% of analysis population), the analysis of North Zou is not as 
convincing as for Asa. Chapter 9 discusses several water supply options for 
riverine areas. 
Conclusion: The use of pools and dried up streams near rivers is a source of 
Guinea worm transmission. 
6.3.5 Educational Opportunity 
Background: Children learn health lessons and practical activities in school 
and when at home they discuss these ideas with their parents and siblings. In 
both Nigeria and North Zou, the programmes associated with this study 
reinforced existing hygiene education programmes to explain the need to drink 
only safe water to avoid Guinea worm. The primary schools of Benin have had 
a programme to teach children of hygienic behaviour since before 1983. It 
would be hoped that these lessons have had an effect on behaviour. 
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Data: The locations of all primary schools in the five district of North Zou were 
learned (Figure 6.8). Because of the budgetary situation of the government 
(discussed in Section 5.2.1), there were no schools constructed during 1987- 
1989 in this region. All schools were in operation for at least two years before 
the incidence was measured and most were in operation since the early 1980s. 
A study of school attendance showed that in villages with primary schools 
almost all children attended for at least 4 years. Children from villages without 
a nearby school either stay with a family in the area with a school or do not 
attend. The incidence in villages within 1 kilometre of a primary school was 
measured as 1.9% (4062 cases in a population of 215,846). Of the 279 
villages and localities that had access to primary schools, 174 (62%) reported 
cases of Guinea worm during 1989. The incidence in villages further than 1 
kilometre of a school was 3.9% (5538 cases in a population of 142,034) and 
259 (69%) of 378 villages reported cases. It is known that the presence of 
schools is highly correlated with the population size and accessibility of the 
village. Both factors correlated with Guinea worm (see Sections 6.3.1 and 
6.3.3). Stratified chi square tests with these factors showed that the Mantel- 
Haenzel weighted odds ratio between villages with and without access to 
schools was 0.77 for population and 0.61 for accessibility. Comparison with 
water supply showed no significant difference in villages that had a safe water 
supply. By contrast in villages without a source of safe water the odds ratio 
was 0.67. The combined Mantel-Haenzel weighted odds ratio for the two strata 
together was 0.75. 
Discussion: As expected there was a correlation between educational 
opportunity and Guinea worm. Two of the reasons for this were the size and 
accessibility of villages with schools. Other factors that influence development 
could inhibit Guinea worm. Villages with schools also benefit from infrastructure 
such as health services and other rural programmes. In villages where there 
was the possibility for exclusive use of safe water, incidence was unaffected, 
whereas in villages without safe water, the effect of a school was significant. 
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Although the incidence in villages with schooling was less than half that in the 
other villages, 42% of the cases occurred in villages with primary schools. In 
Benin and many other countries, the primary school network is the most 
extensive official presence in the countryside. In many villages the school 
teachers are the most educated members of the community. The Guinea worm 
programme would benefit from their involvement both inside the classroom and 
outside. 
In Benin, a series of hygiene education booklets including one devoted to 
Guinea worm produced by the author was distributed to the primary schools. 
In Nigeria, a colouring book was developed and distributed (including crayons) 
to schools in endemic regions. Because of low budgets, rural schools are often 
without didactic aids and so maximum use is made of available materials. By 
working with the Department of Education and the health education unit of the 
Ministry of Health the projects assisted in reinforcing the hygiene education 
segment of the curricula. 
6.4 SEASONAL TRANSMISSION 
Background: The seasonal nature of Guinea worm appearance is extremely 
important when organising yearly case searches and in analyzing year to year 
trends. The seasonal nature of Guinea worm transmission is important to 
certain water supply methods such as rainwater collection and home treatment 
that may not be possible year round. When using chemical control of cyclops, 
it is extremely important to know the period of transmission to be effective since 
the quantity of water in ponds varies greatly over the year. Case control and 
surveillance are structured differently if work is needed year round or only 
during a part of the year. 
Many authors (Hopkins, 1984; Belcher, 1985a; Edungbola and Watts, 1985; 
Nwosu et al., 1982) have discussed the seasonal 'nature of Guinea worm 
transmission. It has been shown that in the southern regions most cases 
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appear in the dry season (Chippaux, 1991c) whereas in the sahelian regions 
further north, most cases appear in the rainy season (Guiguemde, 1986). 
Chippaux and Massougbougji have reported that the appearance of Guinea 
worm in Zou Province is mainly in October to December with the number of 
cases dropping rapidly after January. 
Several authors (Brieger and Guyer, 1990; Adeyemi, 1988-90; Belcher et al., 
1985) have used the seasonal nature of Guinea worm disease to discuss the 
economic impact of the disease on farmers whose peak labour demands are 
for short periods during semance and harvesting. Inability to work during these 
periods has a larger economic impact than incapacity at other times of the year. 
Data: Monthly surveys were undertaken in villages in North Zou Benin from 
July 1991 to June 1992 using the methodology described in Section 5.2.2. The 
reported cases per month are shown in Figure 6.9. Cases are highly seasonal 
with a peak in October to December. This is in complete agreement with 
earlier reports. 
Monthly village based reporting began in July 1991 in Nigeria. The analyses 
use data from January to December 1992 to minimise reporting errors that 
arose during the start up of surveillance. Figures 6.10 to 6.15 show the 
distribution by month for six endemic zones in Nigeria. 
The seasonal distribution in Southwest Nigeria an area that is adjacent to and 
south of the region examined in North Zou is shown in Figure 6.10. As seen it 
appears that the season starts later and peaks in January not December. This 
would be consistent with a slightly longer rainy season in the area as compared 
with North Zou. 
Figure 6.11 shows the seasonal distribution in Ondo state to the east of the 
above area. This area is one of the most endemic regions in the world. Guinea 
worm occurs at a different time of the year than in Benin Republic or Southwest 
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Nigeria. Here the main season of transmission is at the end of the dry season 
in April, May and June. Out of season cases range between 2000 and 5000 
cases per month. There are more cases per month than during the peak 
season in the rest of the Southwest (or 29 of the 30 other states) and even 
more cases per month than in most other endemic countries. The three 
possible manifestations of these out of peak season cases are (1) some 
villages have a different season, (2) some villages have a constant number of 
cases appearing year round, and (3) most or all infected villages exhibit this 
pattern. Examination by subgroups revealed no indication of either of the first 
two alternatives and confirmed that this pattern is seen in most infected villages 
in the area. 
Figure 6.12 shows the annual distribution of cases in Southeast Nigeria. It is 
also strongly peaked with January, February and March being the major months 
of appearance of the worm. This is earlier than that reported by Nwosu et al. 
(1982). One possible explanation for this difference is that this study measured 
worm appearance whereas the earlier study was more concentrated on clinical 
aspects that appear later. 
Figure 6.13 shows the distribution for Northwest Nigeria. It exhibits a strongly 
peaked rainy season transmission as previously reported for the area and 
Sahel region (Daniel and Osisanga, 1985; Guiguemde, 1986). 
Figure 6.14 shows the distribution of cases in North Benue and South Plateau 
in the middle latitudes of Nigeria. The season in this area is for practically the 
entire dry season. 
The distribution of cases in the Northeast is more complex as shown in Figure 
6.15. The peak season in Bauchi is April to July which is mainly the end of the 
dry season and beginning of the rainy season. In Borno the season is June 
through to September which is the complete rainy season. In Yobe the season 
144 
is even later with the peak from August to December and most cases occurring 
in October. 
Discussion: These results for the seasonality of transmission agree in general 
with previous reports. However whereas the transmission in the South has been 
reported to be during the dry season leading several authors to conclude that 
it was due to a lack of water, most cases in the dry season are at the very 
beginning of the dry season when there is still much surface water left from the 
rainy season. Transmission is not due to a lack of water supply, it is due to an 
abundance of the wrong kind of water supply. During these periods of high 
transmission, contaminated ponds are the most convenient source of water but 
not the only source of water. Transmission occurs during the rainy season in 
the north. 
The only place where major transmission occurs primarily at the end of the dry 
season is in Ondo. This would imply that the water points most susceptible to 
transmission are left to last. It is unknown within the terms of this study 
whether this is due to deliberate choice or physical circumstances. 
The major harvesting period in the south (Braide et al., 1990) is September and 
October. Contrary to reports of the impact of Guinea worm on agriculture in 
southern Ghana (Belcher et al., 1974), the study found that peak moments of 
the appearance of Guinea worm are not associated with farming activities in 
most of the south of Nigeria. In the north, there was an overlap of Guinea 
worm appearance at semance at the beginning of the rainy cycle. The 
agricultural and Guinea worm cycles are used to calculate the economic impact 
of Guinea worm in Nigeria in Section 6.6.2. 
The relation between rainfall and transmission is discussed in the following 
section. The implications of this relation for combatting Guinea worm using 
rainwater harvesting are discussed in Section 8.3.1. 
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Conclusion: As previously reported, Guinea worm appearance is highly 
seasonal with the seasons varying by locations. Although most cases appear 
during the peak seasons, all regions have a non-negligible number of cases 
outside the peak season. 
6.5 LARGE SCALE FACTORS 
6.5.1 Annual Rainfall 
Background: The main distinguishing feature of the seasons in tropical West 
Africa is the amount of rainfall. The previous section looked at the variation of 
Guinea worm over the year. This section examines the relation between total 
rainfall and incidence. Lack of water and the resulting long trek for 
contaminated water has been a factor in arguing the need for priority to Guinea 
worm villages (Hopkins, 1985b). If Guinea worm villages lack a supply of water 
(regardless of quality), that is a strong argument for targeting them for improved 
water supply. The amount of rainfall is an indicator of available water. 
Data: The variation in yearly rainfall over the area of the north Zou or any of 
the LGAs in Nigeria is insignificant. This analysis uses the case search results 
from 1990/91 subtotalled by LGA. A map showing annual rainfall was overlaid 
on a map of the LGAs tied to a database file containing case and population 
data (Figure 6.16). To facilitate analysis LGA data were considered to be 
concentrated at the centre of the LGA and thus lie totally within one rainfall 
zone. This assumption avoids the need to disaggregate case and population 
data by arbitrary geographic proportions that render the calculations more 
complex without adding any accuracy. The number of cases and population in 
each rainfall zone were then found and incidence calculated. Table 6.5 shows 
the incidence for each rainfall range. Most cases of Guinea worm occur in the 
middle range of rainfall. All the rainfall zones contain endemic areas. The 
zones that are least affected are the very low and very high rainfall areas. 
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TABLE 6.5: ANNUAL RAINFALL AND INCIDENCE IN NIGERIA 1990/91 
Annual 
Rainfall 
(cm) 
No of 
LGAs 
No 
Cases 
Low 
1-99 
Medium 
100-999 
High 
>1000 
Incidence 
% 
Incidence 
Index 
10-50 65 30 16 14 5 0.16 0.53 
30-75 110 42 26 25 17 0.33 1.10 
40-110 84 28 19 24 13 0.38 1.26 
50-125 117 49 35 25 8 0.31 1.03 
60-150 85 58 13 7 7 0.29 0.97 
80-200 91 60 16 6 9 0.43 1.43 
100-300 40 34 4 2 0 0.02 0.07 
Total 592 301 129 103 59 0.30 
e- 72.77 for 18 degrees of freedom p-0.00000 
The analysis of rainfall and other factors in this section (when possible) were 
performed in two parts, reflecting the nature of distribution. The number of LGA 
at four different levels of infection (0,1-99,100-999, > 1000) were compared, 
using a4xk Chi-squared test, against the categories of the factor being 
considered to test if the relationship is significant by LGA. The incidence by 
category was calculated by summation of the number of cases divided by the 
summation of the population by LGAs. For comparison this incidence was 
indexed with the average incidence of 0.30% being 1.0. 
In very low rainfall areas there is not enough water in ponds to allow 
transmission. With natural variations in rainfall from year to year the cycle of 
transmission is broken in villages when there is no surface water during the 
transmission season. This would keep the number of infected villages low 
when there is transmission since recontamination would take several years. A 
secondary cause of the low incidence is low population density that inhibits 
transmission between different villages. 
In very high rainfall areas, there are always many water sources. The number 
of water points reduces the probability that any particular one will be 
contaminated. The multiplicity of water points would also inhibit transmission 
between villages because of the probability of water being obtainable in or 
close to a village. 
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Conclusion: Guinea worm is not dependent on the amount of rainfall within 
most of the normal range in Nigeria. 
6.5.2 Physical Geographical Factors 
Background: It was shown in Section 6.2 that Guinea worm is not randomly 
distributed within the entire endemic range. The range of Guinea worm has 
contracted since 1900 (Muller, 1971 a). It is not known if Guinea worm persists 
in certain areas by chance alone or if there are environmental factors that 
facilitate its transmission. 
One factor that caused the failure of efforts to eradicate malaria in the 1950s 
and 1960s was its frequent reintroduction into areas where it had been 
eradicated (Watts, 1987). National case studies have identified the endemic 
areas in Nigeria and in most endemic countries. Eradication programme 
interventions including surveillance are targeted to these areas. If there are 
minimum levels of Guinea worm necessary for continued transmission or there 
are reasons that it does not exist outside the known endemic areas, then 
surveillance to ensure eradication can be essentially confined to these areas. 
If transmission is possible in villages in all areas the surveillance must continue 
in all areas (also see Section 7.2). 
The knowledge of physical factors that affect incidence could help to devise 
new methods of control. Knowledge of altitude, geology and soil type is 
important in planning water supply interventions. The relation between Guinea 
worm and climatic zones has been examined mainly in relation to the seasonal 
nature of rainfall variation over a year (Kale, 1977,1985a; Guiguemde, 1986). 
The length of the dry season (Edungbola et al., 1988) and the type of 
vegetation (Watts, 1987) have been investigated as factors. A relation with 
relief, drainage and soil type has been suggested (Nwosu et al., 1982). Range 
limitations of the intermediate host species might explain areas where there are 
few or no cases. Some work has been done on correlation of physical and 
chemical conditions of transmission. Sources and type of density of cyclops 
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populations (Chippaux, 1991 a) but no detailed atlas is available for the range 
of the different cyclops species. 
This section examines correlation between the large scale physical factors, 
ecological/vegetation zone, altitude, geology and soil type and incidence of 
Guinea worm. 
Ecological/Vegetation Zone 
Data: In the south and along the coast are coastal and mangrove forests that 
are usually bounded by fresh water swamps. The centre south of Nigeria is a 
deltaic swamp forest. North of these areas is the tropical rain forest zone 
although the forest cover is gone from many areas. This gives way to Guinea 
savanna in the central part of the country which becomes Sudan savanna in the 
north of Nigeria. Most of Nigeria is south of the Sahel except the extreme north 
east around Lake Chad. These ecological zones can be further subdivided into 
18 vegetation types. A map with the vegetation zones was overlaid on a map 
with case reports from 1990/91 and results of the 1990 census (Figure 6.17). 
Cases and population were subtotalled by LGA. A point in polygon analysis 
counted cases and population in each zone. Results are given in Table 6.6. 
Expected values in three categories are small so that a chi squared test for 
significance of results would be invalid. 
Guinea worm occurs in patches throughout most of the ecological zones and 
vegetation zones. As expected from the amount of water available the 
incidence is very low in wet and dry areas (see Section 6.5.1). It is also low 
in areas of montane vegetation but this is probably due more to altitude than 
to vegetation. 
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TABLE 6.6: ECOLOGICAL ZONE AND INCIDENCE IN NIGERIA 1990/91 
Ecological Zone No of 
LGAs 
No of 
Cases 
Low 
1-99 
Medium 
100-999 
High 
21000 
Inci- 
dence 
% 
Inci- 
dence 
Index 
Coastal Forest 19 15 4 0 0 0.002 0.01 
Secondary Forest 184 119 40 21 4 0.06 0.2 
Forest Savanna 89 33 18 22 16 0.95 3.2 
Guinea Savanna 140 67 33 23 17 0.32 1.1 
Montane 9 9 0 0 0 0.0 0 
Sudan Savanna 127 43 30 33 21 0.36 1.2 
Sahel 4 4 0 0 0 0 0 
Flood Plain 20 11 4 4 1 0.11 0.4 
Total: 592 301 129 103 59 0.30 1.0 
Discussion: As previously reported (Watts, 1989) savanna vegetation 
dominates in Guinea worm areas in Nigeria but Guinea worm is not restricted 
to these areas. 
Although Guinea worm occurs in all ecological zones it does not occur 
throughout any zone. The peak season of Guinea worm appearance is related 
to ecological zone but both are probably due to rainfall patterns rather than 
vegetation. It is unlikely that Guinea worm is directly related to type of 
vegetation. 
Altitude 
Data: Most of the southern part of Nigeria is at less than 500 feet (150m) 
above sea level. The terrain rises to the north reaching about 1500 feet (450m) 
before falling to less than 500 feet (1 50m) in the river valleys cut by the Niger 
and Benue rivers. It rises towards the centre of the country where the Jos 
Plateau is a large high region. The eastern part of the country is mountainous. 
The case reports for Nigeria 1990/91 and population by LGA are overlaid with 
a map of the altitude in Nigeria as shown in Figure 6.18. Although most of the 
areas with altitude less than 500 feet (150m) have few cases, the largest 
concentration of Guinea worm in Enugu and surrounding areas is below 500 
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feet. Table 6.7 shows the relation between incidence and altitude. The number 
of non-infected, low infected and high infected areas is significant - x2 = 90.6: 
p=0.0000. The number of cases falls off rapidly above 2000 feet. 
TABLE 6.7: ALTITUDE AND INCIDENCE IN NIGERIA 1990/91 
Altitude (ft) Population Cases Incidence (%) 
0-500 31955919 102814 0.32 
500-1000 17716002 30833 0.17 
1000-2000 31533743 128950 0.41 
2000-3000 5970090 5834 0.10 
>3000 1282362 0 0 
Total: 88458116 268431 0.30 
Discussion: Possible explanations of the low incidence in high areas are 
greater day to night variations in temperature, lower temperatures, better water 
supply due to higher rainfall. It would be interesting to see if the range of 
cyclops species is strongly affected by altitude. 
Geology 
Data: As before a map of cases during 1990/91 and population is overlaid with 
the geological map of Nigeria that has been simplified to show only the major 
geological areas. The only major correlation is the low incidence measured in 
regions of alluvium. 
Discussion: The low incidence in alluvial deposits could be due either to the 
higher probability of finding flowing water or the ease of finding groundwater. 
These are the areas where it is easiest to provide improved water supply. 
Wells are easier to dig (but must be lined during digging) and manual drill rigs 
will provide tubewells without high project start-up costs. There is no other 
relation between incidence of Guinea worm and geology. However the geology 
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of a region determines the type of water supply that is feasible, the probability 
of successfully finding and exploiting groundwater and the size and type of 
equipment necessary. This is discussed in Section 8.3.2. 
TABLE 6.8: GEOLOGY AND INCIDENCE IN NIGERIA 1990/91 
Formation No of 
LGAs 
Population 
('000,000) 
Cases Incidence % 
Basement 150 20.6 91558 0.44 
Granite 58 10.1 12552 0.12 
Sedimentary 109 15.5 127256 0.82 
Metasediments 39 5.4 24422 0.45 
Alluvium 7 1.1 313 0.03 
Coastal Sand 111 19.8 3190 0.02 
Chad Sand 55 7.1 4573 0.06 
Volcanics 63 8.8 4467 0.05 
Total: 592 88.4 268331 0.30 
Soils 
Data: As in most of west Africa, lateritic soils predominate in Nigeria because 
of the hot climate with alternating wet and dry seasons. In the north of the 
country weakly developed regosols are common. In the southern part of the 
country ferralsols are common except along the coast and where the river 
systems have deposited more recent alluvial soils. North of the Niger and 
Benue rivers where the land is low and past flooding frequent, ferrisols are 
common. In the rest of Nigeria, ferruginous Iithosols predominate. 
I 
Cases for 1990/91 and population per LGA were overlaid with the soils maps 
of Nigeria as shown in Figure 6.19. There are two strong correlations. The 
incidence in areas with alluvial deposits (< 0.03%) is significantly lower than 
average (0.3%) and the incidence in areas with red ferralsols is significantly 
higher (2%). 
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Discussion: In areas with alluvial deposits, water is easier to find than in other 
areas as discussed above. Also because alluvium is usually permeable, 
stagnant ponds are less likely and ponds are more likely to be fed by infiltration. 
Both conditions will keep the number and proportion of transmission sites low 
inhibiting transmission. 
Red ferralsols have a consistently high clay content. This impermeable layer 
increases the likelihood of stagnant ponds and decreases the possibility of fresh 
surface water outside the rainy season. As discussed in Section 3.4 these are 
the best conditions for Guinea worm transmission and as expected, incidence 
is high. 
Rivers 
Data: The LGAs in Nigeria were classified by whether a major river flows 
through a large part of it. To simplify the analyses, LGAs were considered 
riverine if there was a major river within 20 kilometres of the geographic centre. 
The incidence in the riverine LGAs was 0.10% and in the non riverine LGAs 
0.63%. These LGAs are significantly different by rank of non-infected, low 
infected and high infected (1990/91), x2 = 10.72: p=0.0134. In Nigeria, 36% 
of the people live in the 208 riverine LGAs. 
TABLE 6.9: RIVERINE AREAS AND INCIDENCE IN NIGERIA 1990/91 
No of No Low Medium High Incidence Incidence 
LGAs Cases 1-99 100-999 21000 % Index 
Riverine 208 112 55 27 14 0.10 0.3 
Non-riverine 384 189 74 76 45 0.63 2.1 
Total: 592 301 129 103 59 0.30 1.0 
x2 = 10.72 for three degrees of freedom, p=0.0134 
Discussion: At the very large scale, the incidence near a major perennial river 
is 84% lower than further away. This can be attributed to several factors. The 
river will provide a Guinea worm free supply of drinking water. In addition, the 
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soil in riverine areas is mostly alluvial and as was shown in the previous 
hypothesis, areas of alluvial deposits have a low incidence. The effect of alluvial 
deposits is much greater than that noted for rivers. Alluvial deposits are 
significant at the mapping scale used only in the river valleys of the very large 
rivers - the Niger and Benue. This analysis used all the major perennial rivers.. 
Since the effect being searched is present in the river valleys and within 
collection distance, the effect could be underestimated. 
Conclusions: Under most circumstances, Guinea worm does not occur near 
rivers. However, the use of pools and dried up feeder streams near rivers is 
a source of Guinea worm transmission as shown in Section 6.3.4. 
6.5.3 Population Density 
Data: The population of a village was shown to have a large effect on incidence 
in Section 6.3.1. A related issue is the effect of population density on the 
incidence in an area. An analysis was carried out on the 592 LGAs in Nigeria 
for cases reported during 1990/91. Population reports from the national census 
of 1990 were used divided by the area of each LGA to determine the population 
density. LGAs were classed into six ranges of population density and incidence 
classed into four ranges with 0= None, 1-99 = Low, 100-999 = Medium, and 
>1000 = High. The results are shown in Table 6.10. x2 = 68.07: p=0.00000. 
The areas with population density between 40 and 160 persons per square 
kilometre had the highest incidence. The incidence was about 20% lower in 
areas with population density less than 40 persons km 2. In areas with 
population density greater than 160 persons km-2, there is very little Guinea 
worm. 
The population density was then further divided into 10 categories (as shown 
in Table A. 6 in Appendix 3) and graphed on a log normal scale in Figure A. 9 
in Appendix 2. 
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TABLE 6.10: POPULATION DENSITY AND INCIDENCE IN NIGERIA 
1990/91 
Population 
density Km2 
No of 
LGAs 
No 
Cases 
Low 
1-99 
Medium 
100-999 
High 
X1000 
Incidence 
% 
Incidence 
Index 
<20 108 51 28 17 12 0.36 1.20 
20-40 131 61 23 29 18 0.38 1.27 
40-80 139 49 42 30 18 0.47 1.57 
80-160 99 47 21 20 11 0.47 1.57 
160-400 67 52 9 6 0 0.02 0.07 
>400 48 42 5 1 0 0.003 0.01 
Total 592 302 103 128 59 0.30 1.0 
x2 = 68.07 for 15 degrees of freedom p=0.0000 
Discussion: The relation between incidence and population density in an area 
agrees with results reported from Southeast Nigeria (Nwosu et al., 1982). In 
areas with high population density, the level of development is usually higher. 
Probably more important, water points in these areas are susceptible to use by 
more people. Therefore, only large water points last a long time during the dry 
season. In the early 1980s, rural water supply provision in Nigeria was often 
by reticulated systems that served many communities with standpipes. This 
water supply option is often viable in areas where the population density is high 
enough to justify the motorised equipment, storage facilities and pipelines. 
Guinea worm is not widespread in areas with high population density. 
Conclusion: Incidence is strongly related to the population density of an area. 
Densely populated areas that could be' served by large reticulated water 
distribution systems have few cases. 
6.5.4 Religion and Ethnic Group 
Background: In a federation such as Nigeria where there is great sensitivity 
to priorities based on or seemingly based on religion or ethnic divisions, it is 
useful to be aware of any religious or ethnical propensities to infection. Ilegbodu 
(1982) found that Muslims in an area in Southwest Nigeria were 2'f2 times more 
likely to be infected than Christians. Edungbola (1983) has reported significant 
differences in incidence among different ethnic groups in Kwara state. Based 
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on different behaviours with respect to collection, storage and use of water, it 
would not be surprising if there are significant differences in incidence. 
Data: Northern Nigeria is predominantly Muslim, while the south is 
predominantly Christian. The map of cases in Figure 6.3 shows both heavily 
endemic regions and non endemic regions both in the Muslim North and the 
Christian South. LGAs were classified by religion (with the middle belt 
excluded) and although the distribution of cases by LGA was different in the 
two regions, the incidence in both regions was identical (0.29%). Differences 
are not primarily due to religion (Table A. 7 in Appendix 3). 
Nigeria is a multiethnic society with a great deal of ethnic pride and exclusion. 
States employ only indigens as do most LGAs. This means that people living 
outside their area of origin are treated as foreigners. This tends to keep people 
close to their place of origin and encourages ethnic divisions and rivalries. 
TABLE 6.11: INCIDENCE AND CULTURAL GROUP IN NIGERIA 
1990/91 
No of LGAs Inci- 
Culture No of 
LGAs 
Percent of 
Population No Low Medium High 
dence 
Index 
Cases 1-99 100-999 >1000 
Adamawa 26 4.2 17 3 4 2 0.5 
Birom-Angas 17 3.1 16 0 1 0 0.03 
Bussawa-Bariba 7 0.7 2 2 1 2 1.9 
Cross River 35 4.4 29 1 3 2 0.9 
Gwari 16 2.2 6 7 1 2 0.9 
Hausa and Fulani 158 26.8 53 40 35 30 1.2 
Ibo 84 13.8 59 11 5 9 1.6 
Idoma 12 1.9 4 4 0 4 5.7 
Igala-Ibibio 8 1.4 5 2 1 0 0.07 
Ijaw 21 3.9 16 4 1 0 0.08 
Kanuri 40 5.4 28 7 5 0 0.2 
Nupe 10 1.5 0 4 6 0 0.5 
Tiv 19 3.2 12 2 4 1 0.8 
Yoruba 140 25.7 55 44 35 7 0.7 
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A map of Guinea worm cases and population by LGA was overlaid on maps 
showing the distribution of major ethnic groups as in Figure 6.20 and cultural 
groups (Figure A. 10 in Appendix 2). The difference in endemicity among the 
cultural groups is significant x2 = 95.54: p=0.0000. With 36 different major 
ethnic groups, correlations in incidence levels are difficult to prove but incidence 
seems to vary by cultural/ethnic group (Table A. 9 in Appendix 3). With similar 
conditions except for ethnic groups, the incidence is very different in 
neighbouring areas. This is especially evident around Ondo and the southeast. 
This difference by population group is given further reinforcement by the 11 
new states created since 1986. In 1986 Akwa Ibom was created from part of 
Cross River State. In 1987 Kaduna was split into Katsina and Kaduna. In 
1990 there was an administrative reorganisation with the creation of nine new 
states. States were divided along ethnic lines to give some ethnic autonomy 
and self-government. Table 6.12 shows the number of cases in each part of the 
divided state. 
TABLE 6.12: CASES IN ADMINISTRATIVELY DIVIDED STATES IN 
NIGERIA 1988/89 
More endemic 
state 
Cases 1988/89 Less endemic 
state 
Cases 1988/89 
Abia 31510 Imo 216 
Taraba 240 Adamawa 29 
Cross River 6700 Akwa Ibom 0 
Enugu 233278 Anambra 0 
Benue' 41337 
Kwara' 12139 Kogi' 3428 
Borno 7100 Yobe 2274 
Edo 399 Delta 173 
Kano 5056 Jigawa 574 
Katsina 24716 Kaduna 352 
Sokoto 53049 Kebbi 4904 
Oyo 12878 Osun 1291 
1 Kogi created out of parts of Benue and Kwara 
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The difference between the adjacent areas is striking. Also striking is the 
existence of Guinea worm free or nearly free areas in close proximity or 
between very highly endemic areas. Kaduna, Osun, Edo, Anambra, and Imo 
are directly between very highly endemic areas but have few cases. This study 
did not carry out detailed anthropological surveys of cultural factors to analyze 
this difference. 
Discussion: Other authors (Lyons, 1972; Edungbola, 1983) have also noted 
different rates of infection from different ethnic groups. Although confounding 
variables, especially access to water supply have not been accounted for, the 
large difference seems to outweigh small differences in other factors. This 
would be an interesting topic for a social scientist to explore in detail. A 
difference in behaviourial patterns with respect to water supply could explain 
this difference. This underlines the importance of behaviourial change and the 
need for effective health education. A result of this finding is that targeting 
water supply mainly based on Guinea worm could be perceived as unfair by 
those groups with lower incidence rates. 
6.5.5 Gender 
Background: Attack rates by sex have been studied in several villages in 
West Africa. Some authors have found indications that prevalence is higher 
among males (Adekolu-John, 1983; Suleiman and Abdullah, 1988-90), others 
report higher prevalence among females (Abolarin, 1981) but most report no 
significant difference (Edungbola, 1984; Ilegbodu et al., 1987; Kale, 1977; 
Chippaux, 1991). 
Responsibilities of family members are strongly dependent on gender. Section 
2.4 discussed the impact of disability of the mother on the health and well being 
of her children. Although females replace lost male labour in agricultural 
activities, males rarely fill maternal roles in case of need. 
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Data: Case reports were collected monthly from December 1988 to April 1989 
in 41 villages of North Zou in Benin indicating cases by man, woman or child. 
The study did not differentiate between the sexes of children. There were 1589 
men (51.1 %) and 1517 women (49.4%) with Guinea worm. In 26 villages more 
males than females were infected, in 11 villages the opposite was true and in 
4 villages there were equal numbers of men and women affected. There is no 
significant difference between the sexes. Totals by month are shown in Table 
A. 10 in Appendix 3. 
The incidence of Guinea worm by LGA in Nigeria during 1990/91 was 
compared to the ratio of females to males as reported by the national census 
of 1991. The case search results of 1990/91 are used not only because it was 
the year of the census but also because the administrative reorganisation of 
August 1990 makes disaggregation of available population data by the previous 
administrative structure impossible. LGAs were divided into four categories of 
infection: none (0), low (1-99), 'medium (100-999) and high (>_1000). The LGAs 
were classified by the ratio of females to males into three categories: 0.74-0.90, 
0.90-1.10, and 1.10-1.35. The mean of the ratio of females to males is 1.01, 
the standard deviation is 0.09, and the distribution is normal, so these ranges 
are approximately ±1 standard deviation around the mean. A chi square test 
showed that the distribution of the level of infection in LGAs by the female to 
male ratio was significant (x2 = 28.38 with 6 degrees of freedom: p=0.00008). 
The incidence in LGAs where the ratio was 1.1-1.35 was 35 times the incidence 
in those LGAs where the ratio was 0.74-0.90 (Table 6.13). 
TABLE 6.13: INCIDENCE AND SEX RATIO IN NIGERIA 1990/91 
Ratio No of No Low Medium High % Incidence Incidence 
Females/ LGAs Cases 1-99 100-999 >1000 Population % Index 
Males 
0.70-0.90 63 44 9 9 1 17.2 0.03 0.1 
0.90-1.10 462 219 112 87 44 73.3 0.27 0.9 
1.1-1.35 66 38 7 7 14 9.1 1.05 3.5 
x2 = 28.38,6 degrees of freedom, p=0.00008 
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To investigate this relation in greater detail, the LGAs were divided into 13 
categories by the female to male ratio from 0.70 to 1.35, each category 
representing a change of 0.05. The incidence was calculated for each category 
and plotted on a log-normal graph as shown in Figure 6.21. Data details 
including number of LGAs per category are shown in Table A. 1 1 in Appendix 
3. There is a strong exponential relation between the incidence and the female 
to male ratio. The best exponential fit by regression analysis after translation 
(r2 = 0.903 with 10 degrees of freedom) is: 
In(incidence) = (11.23 x female/male) - 13.5 
Discussion: The analysis of data of the monthly study indicates that Guinea 
worm attacks men and women equally. This equality is maintained during the 
five months of the research. More detailed analysis by level of endemicity 
shows that in low endemic villages (<25 cases) men account for 65% of the 
cases whereas in high endemic villages(>75 cases) men account for 49%. This 
would explain some contradictory results of earlier surveys. With only 41 
villages in a limited area, the findings are preliminary. A similar argument from 
data in India is disputed by Watts (1986). 
There is a strong exponential relation between the proportion of females to 
males in the population and the incidence of Guinea worm. This was found 
true in all parts of Nigeria. It might be argued that areas with high incidence of 
Guinea worm have a high emigration rate consisting of mostly males who 
emigrate to areas with greater opportunities, due to Guinea worm and related 
factors. Although this may be an influence, Guinea worm is not a strong 
enough influence on behaviour to have that great an effect. It is more likely 
that the higher incidence is the result and not the cause of higher proportion of 
females. Because transmission occurs when a sufferer immerses the blister 
in a drinking water source, the persons who contaminate the pond and allow 
continued transmission are those who gather water. Since water gathers are 
almost exclusively female, transmission is much higher in areas with a large 
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proportion of women. Kale (1 985a) has suggested a similar relation in infected 
villages. One programme implication of this analysis is the need for hygiene 
education to focus on women. As water gatherers, their role in the prevention 
of Guinea worm is critical. In most villages in North Zou and in Nigeria where 
the author has participated in hygiene education activities, there was a strong 
segregation of the population into male and female groups. Males always got 
the best seats, and played the most active roles. Hygiene education directed 
to the males will be less effective than that directed to the females. Rural 
women and women's groups should play a large role in Guinea worm 
eradication. 
Effects of Guinea worm on women and mothers were discussed in Section 2.4. 
The results of this section show that these effects are widespread because of 
the greater proportion of women affected. 
Conclusion: The incidence of Guinea worm in an area is very strongly related 
to the proportion of women. 
6.6 SOCIAL AND ECONOMIC IMPACT OF GUINEA WORM 
6.6.1 School Absenteeism 
Background: Although the incidence of Guinea worm among children of 
primary school age is less than that of the general population (Ilegbodu et al., 
1986; Nwosu et al., 1982) the impact on school attendance can be severe. 
This is due not only to the direct effect of disability but also by the need to 
provide substitute labour to the family. Studies from Nigeria that examined 
school attendance and Guinea worm were discussed in Section 2.4. A study 
undertaken by Chippaux and Larsson locally in Zou Province, and nationally in 
schools in Benin evaluated school absenteeism due to Guinea worm in Benin. 
Data: The impact of Guinea worm on schooling has been measured by two 
methods. In sentinel villages, the number of days class missed by children 
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suffering from Guinea worm was obtained by counting the daily disability in a 
month of school-going children. The national school study permitted analysis 
of the frequency of absenteeism due to Guinea worm in relation to total 
absenteeism. 
Longitudinal Surveillance of Sentinel Villages 
A longitudinal study of five villages was undertaken during four years. The 
villages were chosen because of their geographical situation, permanent 
accessibility, incidence of dracunculiasis evaluated by transversal retrospective 
study, and type of drinking water supply. All the inhabitants were counted. 
Weekly visits were made during the transmission period and bimonthly visits 
made outside this period to detect new cases, to make detailed clinical 
observations of each infected person, to measure the duration of incapacity and 
to evaluate the socioeconomic consequences. 
Four out of the five localities studied remained active areas of Guinea worm 
transmission whereas the infection was near extinction in the fifth village with 
only external introductions. The average annual incidence is given in Table 
6.14 for the four years of study. In two villages, without intervention there was 
a significant drop in Guinea worm infection. This surveillance concerned an 
annual average of 1049 persons of which 913 lived in the active transmission 
villages. There were 720 infected persons observed during the four years. The 
total annual incidence observed was about 20%. During this period, 377 
children of school age (6 to 15 years inclusive) were counted, of which 293 
were in the active areas. There were 226 cases in this age group during the 
period under study which corresponds to an average annual incidence of 18%. 
The average duration of Guinea worm disease symptoms in children was 104 
days (standard deviation = 46; extremes: 30-290 days). The number of days 
of disability was 32 (standard deviation = 36; extremes: 0-260 days). The 
average duration of the disease is not significantly different from village to 
village (F(3.222) = 2.17 p<0.05). In contrast the average duration of disability 
was significantly different between the villages (F(222) = 3.89; p<0.05). There 
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is a correlation between the incidence and the percentage of daily classes 
missed (r = 0.82; p<0.001). The relationship between the incidence and 
absenteeism is significant in the villages with a school, but is not significant in 
the localities without a primary school. In the villages with a school, the number 
of days in class missed is 14.5 ± 13.8. It is 42.3 ± 17.8 in the localities without 
school (e=3.43; p<0.01). Figure 6.22 shows the frequency curve of children 
absent in relation to the duration of absence. 
TABLE 6.14: INCIDENCE IN SENTINEL VILLAGES IN BENIN 
Village 1985/86 1986/87 1987/88 1988/89 1989/90 
Agaga 4.8 10.1 21.4 2.3 0.0 
Kakateou 53.6 45.6 22.8 7.2 1.1 
Lissa 49.5 22.4 49.7 36.2 36.1 
Sozoume 47.1 38.8 37.0 27.8 33.4 
National Study 
During the 1987-88 academic year, a survey was conducted in 2840 primary 
schools nationwide. At the close of the transmission period (April) which is a 
period of high infection, a questionnaire was filled in by each teacher with the 
help of the pupils. The total number of infected pupils present that day was 
noted as well as those absent because of Guinea worm. Moreover the number 
of pupils infected since the beginning of the academic year (with typical lesions 
from emergence of the worm) was indicated. 
Of 224,556 children enrolled in schools that responded, 193,295 were present 
the day of the study, which is an absenteeism rate of 13.9%. There were 3635 
cases of dracunculiasis observed by the teachers in the pupils since the 
beginning of the academic year that covers the period of transmission (from 
September to May) in Benin. The average incidence of about 1.62% varies 
from one region to the other. In certain districts of Zou the incidence measured 
in school surveys surpasses 13.6% which corresponds to the results of village 
169 
0 d- N 
0 
N U) 
w 
Z 
OW 
co 
.J 0 
0 
V 
Q) LL 
En O 
z 
0 
C 
ýJO 
z 
W 
co 
D 
z 
N 
N 
W 
0 
7 LL 
170 
juesgy sluepnis 
0 
N 
U 
C 
C) 
0 
z 
z 
W 
m 
z 
2 
cr 
0 
w 
z 
0 
z 
w U 
z 
w 
co 
J 
0 
0 
2 
0 
c+, 
CD 
W 
Ü 
U. 
luesgy % 
171 
T- O 
surveys. Absenteeism related to dracunculiasis was observed in 40% of 
children infected with Guinea worm at the time of the study. Guinea worm as 
the reason for absenteeism, seen in only 2.1% of cases at the national level, 
corresponds to more pronounced incidence in certain districts (Table A. 12 in 
Appendix 3). 
Discussion: Incapacitated students directly lose time from their studies but 
also as Figure 6.23 shows there is a multiplier effect estimated at 1.7. This is 
probably due to labour replacement and decreased health brought on by lower 
food intake and care. These absences often have a permanent effect on a 
child's schooling. It has been shown elsewhere that Guinea worm disease in 
a high endemic area is responsible for a 5.7% drop out rate per year (Ilegbodu 
et al., 1986). 
Mutual assistance and the principle of replacement of incapacitated relatives 
account for up to 28% absence in schools during dracunculiasis transmission 
period (Edungbola, 1983). Probably absenteeism is also dependent on the 
distance from school and farms. The consequences of absenteeism due to 
dracunculiasis on failure in school are difficult to measure. It has been 
estimated as the cause of 88% of the failures in a village in Southwest Nigeria 
(Ilegbodu et al., 1986). 
The duration of missed classes was 32 days which corresponds to that reported 
by other researchers: 3 to 18 weeks for Edungbola (1983), an average of 65 
days for Ilegbodu et al. (1986) and 24.3 days severe disability by Smith et al. 
(1989). The length of absences are a factor of disability related to septic 
complications that frequently accompany dracunculiasis. 
Conclusion: The survey conducted in schools confirms a high rate of 
absenteeism from schools where there is dracunculiasis. School absenteeism 
shows up clearly when incidence surpasses 1 %. At national and regional levels 
the correlation is strong between the annual incidence and absenteeism. 
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School surveys for Guinea worm are usually easier to carry out on a large scale 
than village surveys. Intentional reporting errors are kept to a minimum and 
there are reliable records to verify long absences. This type of school study 
could serve as a quick low cost epidemiological indicator. 
6.6.2 Economic Impact 
Background: One justification for the campaign to eradicate Guinea worm is 
the adverse economic impact of the disease (Hopkins, 1990b). There have 
been several economic impact studies based on the effects on agriculture. 
Studies have used lower production due to lost activity (de Rooy et al., 1987; 
Chippaux, 1991), change in area cultivated (Ugwu and Nwaorgu, 1988-90, de 
Rooy, in progress) or the reduction in output (Suleiman and Abdullahi, 1988-90; 
Adeyemi, 1988-90). Because agricultural activities vary with the seasons, the 
economic impact of disability varies during the year (Belcher et al., 1974; Smith 
et al., 1989; Shulman, 1985). The economic loss will be the greater when the 
disease strikes the economically active (Rao, 1985). Other elements that are 
important to a calculation of losses are the length and severity of disability 
(Ward, 1985; Smith et al., 1989; Brieger and Guyer, 1990), attack rates in 
different occupational groups (Nwosu et al., 1982) and the ability of families to 
substitute labour for disabled members (Ward, 1985; Watts et al., 1989; Brieger 
and Guyer, 1990). 
Data: The number of cases and the number of households per endemic village 
were measured in Nigeria during the third case search in 1990/91. Population 
of the endemic villages is not available directly (see Section 5.3) and has been 
estimated from the number of households. This allows the calculation of 
incidence in each village. The distribution of cases per month has been 
measured and presented in Section 6.4. Agricultural activities have been 
measured in Benin (Chippaux, 1991b), Burkina Faso (Steib and Mayer, 1988) 
and Southeast Nigeria (Braide et al., 1991). These results are used for the 
different regions in Nigeria modified by the time of the first and last rainfall. A 
graph showing estimated agricultural activity per month is shown in Figure A. 11 
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in Appendix 2. The average length of disability found in different studies has 
been discussed in Chapter 2. An average duration of 1.5 months incapacitation 
is used in this calculation. 
Several studies (Edungbola, 1983; Ilegbodu et al., 1991; Ofoezie and Adeniyi, 
1990; Watts, 1986; Belcher et al., 1974; Nwosu et al., 1983; de Rooy, 1987) 
have shown that the risk of Guinea worm infection is dependent on age. [One 
study in Southeast Nigeria noted no significant age differential (Braide et al., 
1991)]. Based on these studies, this analysis uses 85% for the proportion of 
the cases occurring among the economically active. 
Some studies have found that farmers are the most highly infected occupation 
group (Nwosu et at., 1982; de Rooy, 1987; Ugwu and Nwaorgu, 1988-90) or 
farmers and traders are equally attacked (Edungbola and Watts, 1985; Adekolu- 
John, 1983). Other studies have found no significant difference between 
occupations (Braide et al., 1991) and highlight the exposure of different groups 
to known transmission sites by location (Ilegbodu et at., 1987; Ofoezie and 
Adeniyi, 1990; Belcher et al., 1974) or by time period (Watts, 1986). These 
studies have been concentrated in rural areas explaining the preponderance of 
farmers as sufferers (Kale, 1985). Section 6.3.1 shows that a non negligible 
number of cases occur in semi-urban areas. 
Based on the author's experience in Nigeria, about 10% of the population is 
assumed to be engaged in petty trading activities. The rest of the population 
in small villages (population <1000) is assumed to be engaged in agriculture 
and those in large towns (population >20,000) engaged in non-farming 
activities. There is assumed to be no difference in attack rates among 
occupations in the same village. The proportion of the population engaged in 
farming is estimated by straight line interpolation between these extremes for 
other village sizes. Therefore: 
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T=Px0.1 
F=[1 -(0.9 *P- 900) x 0.000058] xP 
E=P-T-F 
where P is the population, T is the number engaged in trading, F is the number 
in farming and E is the number in employee activities. 
Agricultural losses per month in each region are estimated as the percentage 
of annual agriculture during that month multiplied by annual agricultural output 
multiplied by the number of disabled during that month. No attempt has been 
made to estimate differences in productivity between regions. Losses among 
non-farmers is estimated as 1.5 months/12 months = 12.5% of annual income. 
Average annual income in 1990/91 was £240 (World Bank, 1992). One half the 
population is below 15 years of age and so annual income among productive 
ages is double this. Average annual income is assumed to be equal for all 
groups. 
The ability of families and communities to substitute labour for infected family 
members depends on the proportion that remain able to work (Brieger and 
Guyer, 1990). Substitution is common in agriculture and to a lesser degree in 
trading. Among employees, substitution is not possible. It will be assumed that 
below 5% incidence family or community members will help and lessen the 
impact of disability and above 5% there is no substitution effect. Between these 
extremes, the coping factor is inversely proportional to the incidence. 
The low percentage of sufferers who seek medical treatment has been 
remarked by many authors (Muller, 1971; Hopkins, 1984). Many sufferers use 
traditional doctors. Extra costs due to the illness in buying prepared food and 
other necessities add to the cost (Yacoob et al., 1990). Treatment and related 
costs are estimated at £10 per case. 
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Table 6.15 shows the results of the calculations by state. The economic losses 
due to Guinea worm in Nigeria in 1990/91 were £16 million. 
TABLE 6.15: ECONOMIC LOSSES BY STATE IN NIGERIA 1990/91 
State Cases Losses ('000£) 
Trading Employee Farm Treatment Total 
Abuja (FCT) 0.4 0 3 1 4 
Abia 14774 76 4 563 148 791 
Adamawa 347 2 1 5 3 11 
Bauchi 9664 50 4 488 97 639 
Benue 30121 154 0 1190 301 1645 
Borno 1984 10 1 90 20 121 
Cross River 3444 18 2 131 34 185 
Delta 849 43 0 29 8 80 
Edo 786 4 0 29 8 41 
Enugu 51954 268 15 1962 520 2765 
Imo 16 0 0 0.4 0 0 
Jigawa 3625 18 47 107 36 208 
Kano 4965 25 65 146 50 286 
Katsina 12641 65 16 113 126 320 
Kebbi 6689 34 2 392 67 495 
Kogi 1139 6 0 41 11 58 
Kwara 4788 25 0 160 48 233 
Niger 14759 75 0 878 148 1101 
Ogun 1441 7 0 46 14 67 
Ondo 40422 207 322 1655 404 2588 
Osun 974 5 0 28 10 43 
Oyo 3883 19 0 124 38 181 
Plateau 6250 32 9 246 63 350 
Rivers 112 1 0 3 1 5 
Sokoto 52324 267 67 2998 523 3855 
Taraba 39 0.3 0 0.3 0.4 1 
Yobe 2254 12 2 117 23 154 
Total: 270320 1423 557 11544 2703 16227 
Discussion: This calculation shows the losses by state and thus the economic 
value of eradication. The economic benefits of eradication would continue each 
year. Section 7.5.2 estimates the capital cost of water supply to all endemic 
villages as £23 million which is less than 18 month's losses. 
This calculation ignores the difficulties of estimating economic impact in 
subsistence economies. The economic difficulties of Nigeria would probably 
result in a smaller economic impact of eradication. 
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Conclusions: Economic losses due to Guinea worm in Nigeria during 1990/91 
including treatment were £16 million which is about £60 per case and £3400 
per infected village. Losses are not evenly shared among the states. 
6.7 CONCLUSIONS 
In- Section 6.2, it was seen that about 50% of the LGAs in Nigeria were 
endemic with many of the cases and endemic villages concentrated in a few 
areas. 
Section 6.3. examined the areas where Guinea worm occurs to find out if there 
are environmental correlations and confounding variables. Strong 
environmental correlation would indicate if there were preferred locations for 
Guinea worm or if it can occur anywhere in the region. Knowledge of where 
it occurs will also allow water supply interventions to be better planned. 
The incidence was found to be strongly inversely related to the population of 
a village within an endemic area. The incidence was more than four times 
higher in villages with less than 200 people than in villages with more than 
1000. The distribution of infected villages showed that about 70% were in the 
population range 200-1500 normally served by rural water projects. Of infected 
villages, 20-25% were smaller than 200 and 6-7% were larger than 1500. 
Incidence was also found to be related to accessibility with villages more than 
800 metres from any road having a2 to 3 times higher incidence than villages 
located on main roads. Accessibility also affects water supply provision. 
In Section 6.4, the seasonal nature of Guinea worm was examined in the North 
Zou, Benin and the six endemic regions of Nigeria. Appearance was different 
in each region, but generally during the rainy season in the north and the dry 
season in the south. Many cases were found to occur outside the peak 
seasons. This could influence case containment strategy and seasonal water 
collection like rainfall harvesting. Guinea worm is not dependent on the 
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average amount of rainfall except that both very wet and very dry areas had 
low incidence. 
Large scale physical conditions appeared reflected in local conditions that affect 
incidence. The correlations with vegetation zones are due to wetness, dryness 
or altitude of the region. Guinea worm incidence falls off rapidly above 2000 
feet. The geology of a region determines the probability of finding groundwater 
and the methods used to exploit it. Incidence was found low in alluvial 
deposits. Soil type correlated with incidence only as far as red clay soils which 
form thick impermeable layers and favour stagnant impermeable ponds had 
high incidence and areas with sandy soils that do not form stagnant ponds had 
low incidence. 
There was no correlation between religion and incidence over the range of 
Guinea worm in Nigeria. A probable correlation was observed by ethnic group 
but the study was not able to investigate the relation. Incidence was very 
strongly related to the female to male ratio in an area. The correlation with 
gender and the probable correlation with ethnic group highlights the importance 
of behaviour in Guinea worm transmission and reinforces the need for hygiene 
education. 
Guinea worm incidence has a large effect on school absence. This effect can 
be used to verify village based reporting. Incidence is related to educational 
opportunity at least at the primary school level. Schools are the most common 
government service in rural areas and could be useful for eradication (and other 
health) programmes. Economic losses due to Guinea worm during 1990/91 
were estimated at £16 million in Nigeria. 
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CHAPTER 7 
WATER SUPPLY AND GUINEA WORM ERADICATION 
7.1 INTRODUCTION 
This chapter determines the feasibility of Guinea worm eradication through 
water supply provision. The strategy used in Guinea worm eradication is based 
on the surveillance-containment strategy developed and used in the successful 
eradication of smallpox (Henderson, 1985). The effectiveness of this strategy 
is dependent on the ability to find the areas where transmission occurs and the 
ability to stop transmission. Many of the hypotheses were programme 
assumptions that influenced programme strategy and implementation. Although 
the assumptions were reasonable in the light of available information they had 
been rarely examined in depth or tested. The data used in the following 
analyses were collected primarily for use in planning and implementation of 
eradication programmes in North Zou and Nigeria. 
The chapter is divided into four parts. The first two parts explore the evolution 
of Guinea worm disease from one year to the next: number of cases, 
distribution and evolution. The third part is the impact of water supply and 
hygiene education on the number of cases. The fourth part is the impact of 
water supply on the number of infected villages and thus the feasibility of 
eradication. 
Section 7.2 examines the evolution of the distribution of Guinea worm over 
time. The number of water supply interventions required depends on the 
number of infected villages whereas the impact is usually measured as the 
change in number of cases. Cases are reported after eruption of the blister 
and water supply provision based on these reports takes place in following 
months after transmission has occurred. Therefore, water supply provision will 
affect transmission during the year following the report and its effect will start 
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to be seen two years after the report. Knowledge of past occurrence will be 
useful in preventing future occurrence only if Guinea worm occurs in the same 
regions, areas and villages each year. To make predictions based on limited 
knowledge of village conditions, the evolution of the distribution is examined. 
Section 7.3 extends this analysis to LGAs and states. 
Section 7.4 examines the impact of water supply provision and hygiene 
education on Guinea worm incidence. The difference in incidence between 
villages with and those without improved water supply is measured and 
confounding minimised. The relation between Guinea worm and the distance 
from a village to an improved water supply is examined as is the impact of 
village based hygiene education on the incidence and endemicity. In Section 
7.5, the impact of improved water supply on the number of infected villages is 
determined. Finally the hypothesis that improved water supply provision can 
eliminate Guinea worm from highly endemic areas is examined. 
The following hypotheses are tested in this chapter: . 
1. The number of cases in a village is a good basis for prediction of the 
number of cases in the following year. 
2. Villages that have no Guinea worm during a year will continue to have 
no Guinea worm. 
3. Villages with few cases of Guinea worm are more likely to have no 
cases the following year than villages with many cases. 
4. The number of cases in an area (LGA) is a good basis for prediction of 
the number of cases in the following year. 
5. The number of cases in a large region (state) is a good basis for 
prediction of the number of cases in the following year. 
6. The provision of safe drinking water will reduce the number of cases of 
Guinea worm in a village. 
7. The incidence of Guinea worm is related to the distance to a source of 
safe drinking water. 
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8. Village based hygiene education will reduce the number of cases of 
Guinea worm in a village. 
9. The provision of safe drinking water will eliminate Guinea worm from 
intervention villages. 
10. All infected villages can be supplied with safe drinking water within a 
short time using conventional methods. 
11. Guinea worm can be eliminated from highly endemic areas in Africa by 
improved water supply and related interventions. 
7.2 DISTRIBUTION AND EVOLUTION OF GUINEA WORM IN VILLAGES 
Guinea worm is transmitted from geographically fixed contaminated water 
sources. Case searches reveal the location and number of Guinea worm cases. 
These case reports are assumed to be from villages that contain transmission 
points. The first underlying assumption is that the number of cases of Guinea 
worm in a village is a good indicator of the presence and strength of 
transmission sites. The second underlying assumption is that transmission sites 
are stable. These two programme assumptions deal with the fact that Guinea 
worm does not occur everywhere and that it is therefore possible to target 
endemic areas. There is a time delay between case reports and the opportunity 
to supply safe water. Water provision will only start to prevent transmission in 
the season following the initial report and will not show any effect until the 
following year. If future cases are not strongly correlated with past occurrence, 
it will be difficult to target water supply and other interventions for maximum 
effect. Two corollaries that follow from the premise that future occurrence of 
Guinea worm is correlated with past occurrence are important in planning 
interventions. That non infected villages remain non infected is basic to 
prioritising based on whether a village is infected or non infected. The other 
corollary that villages with few cases are more likely to have no cases the 
following year allows targeting highly infected villages. The three hypotheses 
that will be tested in this section are: 
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1. The number of cases in a village is a good basis for prediction of the 
number of cases in the following year. 
2. Villages that have no Guinea worm during a year will continue to have 
no cases. 
3. Villages with few cases are more likely to have no cases the following 
year than villages with many cases. 
Hypothesis 1: The number of cases in a village is a good basis for 
prediction of the number of cases in the following year 
Background: The Second Regional Workshop on Dracunculiasis defined a 
case of Guinea worm disease as a person from whom a worm has emerged 
during the previous year (WHO, 1988). National case searches rely on reports 
of past cases. Although the surveys in North Zou were carried out during the 
peak season of Guinea worm, results were not available until after transmission 
had occurred. The change in Nigeria and Benin (and several other countries) 
to monthly reporting has reduced the time between appearance of the worm (or 
more precisely expulsion of the larvae) and the report. However, there will 
always be a time delay between case reports and the possibility of water supply 
intervention. Water supply provision is not able to stop transmission 
immediately but instead can affect transmission starting in the year following 
intervention and thus affect cases two years after the reports and three years 
after the infections that served to trigger the water supply provision. Time 
delayed intervention can be effectively targeted only if the number of cases is 
stable in villages. 
A system of monitoring changes in individual villages and evaluating success 
of interventions in that village is only effective if changes due to intervention can 
be measured. If the stochastic variation is too large, it is impossible to evaluate 
change in one village. Since transmission has been shown to occur from 
discrete geographically fixed points (Onabamiro, 1952) it is reasonable to 
expect a relatively constant number of cases given that other factors remain 
constant. This is a basic assumption underlying any village monitoring system. 
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Studies that have few or no controls are based (implicitly) on this assumption 
(Udonsi, 1987; Gbari et al., 1987; Lyons, 1974). All explanations of the change 
in number of cases in a single village are based on this assumption. Even 
studies with controls have accepted this as reasonable. Certain studies 
(Edungbola et al., 1988; Nwaorgu, 1991) seem to demonstrate the validity of 
year to year predictability, while other studies where data would seem to 
indicate nonpredictable variability accept the use of a small number of control 
villages (Chippaux, 1991 b). It should be noted that this hypothesis is not true 
for most diseases. 
Data: Three sets of case counts in consecutive years are used in this analysis. 
Case counts from North Zou are used for the years 1987/88 through 1989/90 
with villages receiving handpumps in 1988 excluded. Case counts from 1041 
endemic villages in 19 LGAs (see Section 5.3 for choice of LGAs) during the 
period 1988/89-1990/91 from Nigeria are also used. The reports from Nigeria 
include all infected villages and many but not all villages without cases. Only 
villages reporting cases in one or more years were used. Village based 
monthly surveillance (reports collated each quarter) was carried out in three 
districts in North Zou between July 1991 and July 1993. There is a great 
variation in the villages reporting in each year and only villages that consistently 
report are used. Since the analysis concerns the change in number of cases 
per village each year without intervention, villages with interventions during 
study are excluded from the analysis. 
Scatter plots were drawn using the case counts with the first year versus the 
second, the second versus the third and the third versus the first. With the large 
number of data points the number of outliers was small. The scatter plot of 
North Zou 1987/88-1988/89,19 LGAs in Nigeria 1989/90-1990/91 and villages 
reporting monthly in 3 districts of North Zou 1991/92-1992/3 are shown in 
Figures 7.1,7.2 and 7.3. These scatter plots do not show a strong year to year 
consistency in the number of cases reported. The correlation coefficient varied 
between 0.34 and 0.83 and it was significant for the five data sets at 95% 
confidence but there is a high degree of heteroscedasticity that renders the 
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correlation coefficient less accurate. Related scatter plots are shown in Figures 
A. 12 and A. 13 in Appendix 2. 
Although the correlation is not very high, a large variation could be accepted 
if cases within villages vary within certain ranges. A 50% variation in the 
number of cases each year would be acceptable for targeting water supply 
interventions. As a hypothesis, the number of cases in 80% of villages is 
expected to be within ±50% of the number of cases in that village the previous 
year with measurement error and any movement in the total number of cases 
factored in. The error in the measurement was less than 25% but for this 
calculation the number of cases reported by each village is considered as ±25% 
of the actual number. 
The acceptable range of variation is the product of the uncertainty in the first 
measurement, the variation from year to year and the uncertainty in the second 
measurement (N, = No x 0.75 x 0.5 / 1.25 to No x 1.25 x2/0.75) which gives 
a range of 0.3-3.3. However because the total number of cases has diminished 
each year, the lower acceptable limit has also been reduced. For example, 
cases diminished by 35% in Nigeria between 1988/89 and 1989/90 so that the 
acceptable range of change is 0.195-3.33. The number of cases has diminished 
in all areas with surveillance during each year. Possible explanations of this 
decrease are examined in Section 7.5. 
The percentage of villages outside the acceptable range in the five sets of 
villages used are 51%, 51%, 51%, 45% and 38%. The details are shown in 
Table 7.1. This year to year variation is beyond the minimally acceptable 20% 
and the hypothesis that the number of cases reported during one year is a 
reliable indicator of the number of cases in the following year is rejected. 
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FIGURE 7.2: SCATTER PLOT CASES BY VILLAGE 19 LGAS IN 
NIGERIA 1989/90-1990/91 
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FIGURE 7.3: SCATTER PLOT CASES BY VILLAGE IN NORTH ZOU 
1991/92-1992/93 
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TABLE 7.1: BETWEEN YEAR VARIATION IN CASES PER VILLAGE 
Area Years 
compared 
No of 
infected 
villages 
Below 
minimum 
Above 
maximum 
Total 
outside 
range 
Percent 
outside 
range 
19 LGAs in 1988/89- 847 178 257 435 51 
Nigeria 1989/90 
19 LGAs in 1989/90- 752 232 148 380 51 
Nigeria 1990/91 
North Zou 1987/88- 533 139 132 271 51 
1988/89 
North Zou 1988/89- 522 121 116 237 45 
1989/90 
Discussion: A year to year stability of cases is not expected in other diseases 
unless there is a major underlying geographically fixed factor that determines 
transmission. The water points responsible for transmission were assumed to 
play this role in Guinea worm. The location of cases should enable the 
identification of transmission points and allow water supply interventions 
(Richards and Hopkins, 1989). By counting the number of cases, it should be 
possible to prioritise water supply to have the most impact (Audibert et al., 
1993). 
The results if not the explanations are compatible with results by Chippaux 
(1990) and Audibert et al. (1993). The yearly incidence measured by clinical 
observation during biweekly visits by Chippaux (1991 b) is shown in Figure 7.4. 
Of the 16 interyear measurements 3 were higher than twice the previous year's 
incidence and 6 were lower than half. (The measurement error is assumed to 
be negligible and no information is available about the evolution of the 
population outside these villages during this time). Therefore in the data 
reported by Chippaux, 58% of the measurements are outside the range 0.5 - 
2 times the previous year. In the data reported by Audibert et at. 50% of the 
reports were outside this range but several can probably be attributed to 
interventions. Studies by Lyons (1974) and Edungbola et al. (1988) and 
Nwaorga (1991) indicated a year to year consistency in number of cases in 
control villages that was not observed in this study. The latter two studies 
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measured peak prevalence not incidence. It is possible that the progress 
overall in reducing Guinea worm is making transmission much less stable with 
changes in the duration leading to much greater stochastic fluctuations. 
However with the small number of controls, five in the study by Edungbola et 
al. and one in the study of Nwaorga, the probability of consistency is not 
negligible. 
The external factors that go into transmission, size and shape of transmission 
water point, location of transmission and alternative water points, climate, 
hydrogeology and behaviour do not change from year to year. The internal 
factors: number of cyclops, number of larvae and number of susceptible hosts 
vary between years as does the probability of infection. Correlation with 
weather conditions cannot be excluded but these relations would vary from 
village to village. 
There are three types of variation. The first is villages that report cases during 
a year and then report no cases the following year. These are often assumed 
to be transient cases or villages that eliminate Guinea worm. This type of 
variation is further examined in Hypothesis 3. The second type of variation is 
a large change in the incidence from one year to another. Although this is often 
explained as either a resurgence or decline, the data shows that a large 
variation is expected each year. The third type of variation is villages that report 
cases that had previously reported no cases. This third type of variation will 
greatly affect the measurement of the progress of the programme and the 
credibility of an eventual certification of eradication. Villages reporting cases for 
the first time are examined in Hypothesis 2. 
It might be argued that the deviation could be a result of measurement 
uncertainty. However because the case counts used in this analysis were 
collected with three different methods and yielded similar results to two other 
studies, the counter-argument is not convincing. The targeting of water supply 
can be based only on reports and the reliability of reports from the health 
services should be accepted by the water sector. The standard surveillance 
method in many countries has been changed to monthly village based 
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FIGURE 7.4: TIME SERIES OF CASES IN FOUR VILLAGES IN BENIN 
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reporting. The implications of this change for the reported number of cases and 
infected villages are discussed in later sections. 
The implications of the variability in number of cases on monitoring cases and 
planning interventions are enormous. Decisions based on the effectiveness of 
intervention based on one year's data in a village are not reasonable. A 
targeting system, based on the number of cases found in one year is not 
realistic. The following two sections examine two related questions - villages 
in endemic areas without cases and villages in endemic areas with few cases. 
Conclusion: A monitoring system of Guinea worm cases must consider the 
intrinsic variability of number of cases per village. The incidence reported from 
a village is not strongly correlated with the incidence during the previous year. 
In Hypothesis 4 it will be determined if the variations balance out at the Local 
Government level. 
Hypothesis 2: Villages that have no Guinea worm during a year will 
continue to have no Guinea worm 
Background: Introduction or reintroduction of transmission into a non-endemic 
village has been recognised as a possibility (Edungbola and Watts, 1984; 
Ilegbodu et al., 1986; Braide et al., 1989). Watts (1984,1986a, 1986b, 1987b) 
examines the role of population mobility on disease transmission. To start 
transmission in a village requires an infected person to be in contact with the 
water in a transmission point at the proper moment. Except villages that have 
public sources near a road or route and villages that share one or more water 
sources with other villages, the main methods by which transmission can start 
are from an infected outsider who uses the water point or moves into the village 
or from a resident who was infected elsewhere (Watts, 1986a). 
The probability of transmission by any of these methods should be dependent 
on the probability of infection as measured by the area incidence. One tacit 
(and sometimes explicit) assumption in most Guinea worm programmes is that 
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the rate of infection of non-endemic villages is low and that interventions 
including surveillance and water supply can be targeted to endemic villages 
(Richards and Hopkins, 1989). As the number of cases decreases, the 
probability of new or reinfection is expected to fall. 
Because Guinea worm has had the chance to expand throughout the region, 
it would be reasonable to suppose that villages where conditions are favourable 
for transmission have Guinea worm. This implies that most villages without 
Guinea worm do not have the necessary conditions for transmission and the 
risk of transmission starting in a non-infected village are low. 
Data: Case reports for the 19 study LGAs in Nigeria were examined for the 
three years 1988/89,1989/90 and 1990/91. Case data was collected during the 
second, third and fourth national case searches. Of the 828 villages that 
reported cases (i. e., cases > 0) during 1989/90,169 (20%) had not reported 
cases the previous year. During 1990/91 although the protocol called for 
searching only endemic villages, 100 of the 655 villages reporting cases (15%) 
had reported no cases the previous year. The results are summarised in Table 
7.2. 
The distribution of cases in the villages reporting cases that during the previous 
year had reported no cases was examined to decide if imported cases were a 
major reason for the introduction of transmission. Only a few imported cases 
would be expected in any village. Of the villages concerned 22 of 169 in 
1989/90 and 13 of 100 in 1990/91 or 13% each year had 1 to 4 cases. 
Imported cases among residents are more likely to be counted in a 
retrospective study than those among nonresidents who could contaminate a 
village water supply. It is likely that the reported cases are the results of 
transmission one year after it has been introduced and not during the year of 
introduction. 
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To examine if the effect was due to the discovery of previously unknown 
endemic villages, reports for 1990/91 were examined for villages reporting 
cases in 1988/89 and no cases in 1989/90. There were 151 villages in the 19 
LGAs that met these conditions. In 1990/91 109 (72%) reported no cases for 
the second straight year but 42 (28%) reported cases again. This is an 
extremely high reinfection rate for an eradication programme and calls into 
question the classification of formerly infected villages as "non-endemic. " 
Similar results were found in North Zou where 20% of infected villages in 1989 
and 17% in 1990 reported no cases the previous year. In North Zou the 
surveillance covered all villages in the area. Of the 231 villages that reported 
no cases during 1987/88,107 (46%) reported cases the following year. The 
following year 89 of 224 (40%) reported cases. While the presence of Guinea 
worm during one year was a significant indicator of infection during the 
following year (x2 = 130.3: p=0.0000 for the two chi square table combined), 
it was considerably less important than expected, with a relative risk of 1.74 
(1.65 and 1.85). Standard epidemiological 2x2 chi square tests were 
performed using reports of cases. A village reporting cases during year 1 was 
considered exposed and those reporting 0 cases were not exposed. Villages 
were considered infected if they were reported cases during the second year. 
Only villages reporting during the two successive years were considered in 
each analysis. The 2x2 tables are included as Table A. 13 in Appendix 3. 
TABLE 7.2: VILLAGES REPORTING CASES FOR THE FIRST TIME 
Area Years No of Newly Percent new 
compared infected infected reports 
villages villages 
19 LGAs in 1988/89- 979 168 17 
Nigeria 1989/90 
19 LGAs in 1989/90- 928 100 11 
Nigeria 1990/91 
North Zou 1987/88- 533 107 20 
1988/89 
North Zou 1988/89- 522 89 17 
1989/90 
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The proportion of infected villages that had previously reported no cases was 
compared to the area incidence for LGAs in 6 states and in 5 districts of North 
Zou. There was no correlation with the area incidence (Table A. 1 4 in Appendix 
3). The variation in number of newly infected villages was significant between 
areas in Nigeria (x2 = 35.8: p=0.0000 for the states between 1988/89 and 
1989/90), but it was not significant in North Zou (x2 =5.85: p=0.21 02 for the five 
districts between 1987/88 and 1988/89). The difference in the results from the 
two data sets could result from the wide geographic range of the Nigeria data 
compared with the small area of North Zou. Similar results were obtained from 
the following years. 
Discussion: While it was assumed that some non-endemic villages would be 
infected and that some endemic villages would be missed by case searches, 
the data shows that 17-20% of the villages reporting cases were previously 
classed as non-endemic. This result calls into question the ability to fix a list 
of all endemic villages to target case surveillance or especially water supply. 
The result of 28% reinfection calls into question, the practice of dropping 
surveillance from villages that report zero cases and the classification of 
formerly infected villages as "non-endemic" even after two years. It also calls 
into question the classification of villages as non-endemic because they report 
no cases during one case search. In North Zou, 40-46% of the "non-endemic" 
villages were found infected the following years. Therefore, villages in endemic 
areas cannot be realistically excluded from either water supply interventions or 
surveillance. In Nigeria multiple case searches allowed the classification as 
endemic based on three years data but most countries only conduct one 
search. 
One factor that could strongly affect the number of villages newly reporting 
cases is the population mobility. Using cases as an indicator of transmission 
assumes people are where they were infected during the previous year. There 
is a high population mobility (Watts, 1984) which is higher in Nigeria than North 
Zou due to increased economic and transport opportunities. This could account 
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for the larger proportion of newly reporting villages in Nigeria, although 
variations in reporting could also account for some difference between the two 
areas. 
This analysis also casts doubt on the accuracy of having village based 
surveillance only in endemic villages. Between 14% and 20% of villages 
recognised as endemic were not recognised as endemic the previous year. This 
means that village based reporting under-reports the true number of cases and 
this under-reporting would cumulate each year. It would not be justifiable to 
declare the elimination of Guinea worm based on reports only from formerly 
infected villages. Dropping surveillance after a year without cases is not 
justified as 28% of villages were reinfected. One implication of this analysis is 
the need to expand and continue case surveillance with time and not narrow 
and concentrate it. To achieve eradication it is necessary to reach a larger 
number of villages for a longer time. Because many of these villages will not 
report cases, it is imperative that surveillance is not limited to Guinea worm. 
Another implication of this analysis is the need to target interventions to a larger 
group than "endemic" villages if eradication is to be achieved. Unfortunately for 
eradication to be achieved interventions must focus on a limited number of 
transmission points that must decrease over time. 
Conclusions: The classification of villages as endemic or non-endemic within 
an endemic area is not realistic. The frequent introduction of infection into 
villages means that intervention and surveillance cannot be narrowly limited but 
must be extended and expanded. It is also likely that village based reporting 
under-reports the number of cases by not including all villages with possible 
cases. 
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Since the classification of villages as endemic (meaning constantly infected) or 
non-endemic is doubtful, villages will be called infected or non-infected which 
only refers to the year of the survey and does not imply infection in the past or 
future. 
Hypothesis 3: Villages with few cases are more likely to have no cases 
the following year than villages with many cases 
Background: This hypothesis combines three features of transmission that 
should affect villages with only a few cases. The first of these factors is the 
intrinsic variability of population numbers. With a stochastic variation dependent 
on the previous population size, the probability of spontaneous extinction is 
related to the original number. This is the whole basis for measuring success 
of eradication (or prevention of extinction in conservation) by the remaining 
population size. The analysis of Hypothesis 1 showed a large variation in yearly 
number of cases in each village. 
The second factor is the possibility of continuing transmission by contaminating 
a village water supply. Transmission occurs following immersion of the blister 
into the drinking water point. In villages in rural Africa the collection of water is 
essentially the role of women (Yacoob, 1988). Guinea worm is transmitted by 
water gatherers. Guinea worm occurring among non-collectors of water who 
do not enter the drinking water point there will be no transmission. If the 
young, the old and the males, who account for about two-thirds of the 
population do not contribute to transmission, so a random case has at most 
about a one-third chance of coming into contact with water. This probability is 
further reduced by alternative water points, non seasonal appearance and 
location of the blister. 
The third factor is that if there are only a few cases in a village it is possible 
that they are imported. As only a small fraction of villages is infected it is quite 
likely that some or most villages that do not have indigenous transmission 
cannot have indigenous transmission. Therefore, cases imported into these 
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villages will not establish transmission. Even in villages where water points can 
transmit, the probability of the transmission cycle being establishing with one 
or a few cases is considerably less than unity. Watts (1 986a) discusses three 
types of imported cases that transmit Guinea worm: a resident infected outside, 
an infected outsider, and an indigen who returns for a visit. Of these it is likely 
that only the first would be reported as a case in the village. The introduction 
of infection into a village was discussed in the previous section. 
These three factors should combine to make a threshold level below which 
transmission will be unlikely. A threshold is more probable in Africa where water 
sources are shared among more people than in India where transmission is 
from private stepwells and continued transmission in a small group is possible. 
Data: Records from all villages reporting cases in the 19 selected LGAs and 
the North Zou were examined to learn the number of cases the year prior to 
reports of zero cases. The three years 1988/89,1989/90 and 1990/91 were 
used for Nigeria and 1987/88 to 1989/90 for North Zou as for the previous two 
hypotheses. 
Villages were grouped by number of cases to have a sufficiently large sample. 
In Nigeria, 32% of the villages reporting 1 to 4 cases reported no cases the 
following year. In the groups reporting 5 to 16 cases and 17 to 64 cases, 37% 
of the villages reported no cases the following year. The groups reporting 65 
to 128 cases and more than 128 cases had 18% and 12% extinction rates. In 
North Zou, the rate of extinction was measured as inversely related to the 
number of cases with extinction rates of 49%, 27%, 14% and 7% respectively 
in villages with 1-4,5-16,17-64 and more than 64 cases. In North Zou, 21% 
of villages and 27% of villages in Nigeria that reported cases reported no cases 
the following year. The percentage of villages reporting no cases increased the 
third year in both North Zou (18% to 25%) and Nigeria (21 % to 32%) possibly 
reflecting the impact of the programmes. The number of villages having zero 
cases is given based on the previous year's cases in Table 7.3. 
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TABLE 7.3: ELIMINATION AS A FUNCTION OF NUMBER OF CASES 
Cases in First Year 
1-4 5-16 17-64 65-128 >128 Total. 
Nigeria 
Villages in 19 LGAs 
1988/89 infected villages 110 147 127 113 233 730 
1989/90 non-infected villages 28 37 54 13 19 151 
Percent 25 25 43 12 8 21 
1989/90 infected villages 112 168 273 139 155 847 
1990/91 non-infected villages 42 78 93 33 27 273 
Percent 38 46 34 24 17 32 
Combined percent 32 37 37 18 12 27 
North Zou Benin 1-4 5-16 17-64 >64 
1987/88 infected villages 21 144 211 40 426 
1988/99 non-infected villages 11 43 20 1 75 
Percent 52 30 9 3 18 
1989/90 infected villages 53 180 150 26 409 
1990/90 non-infected villages 25 29 29 4 101 
Percent 47 24 19 15 25 
Combined percent 49 27 14 7 21 
Discussion: The results from North Zou show a strong relation between the 
number of cases and rate of extinction the following year. This relation is seen 
at higher numbers of cases in Nigeria, but it is not seen for less than 64 cases. 
The probability that a water point is contaminated with larvae is dependent on 
the number of users, number of worms, behaviour of the human host, and the 
time and location of blister eruption. 
In most areas of Africa, women are the primary water gatherers. Furthermore 
only women and girls old enough and strong enough are water gatherers. In 
198 
households with more than one woman, it is likely that not all are water 
gatherers. A preliminary estimate of the percentage of people that gather water 
is 33%. The probability that the expulsion of larvae occurs during immersion 
in a drinking water source is also dependent on the behaviour of the water 
gatherers especially as it relates to the number of non-drinking water sources 
that contact the blister. The possibility of eruption outside a drinking, water 
source is related to: 
1. Chores such as washing and some forms of agriculture 
2. Hygiene practices such as bathing and washing including Muslim 
ablutions 
3. Swimming or incidental wetting of the infected area in a non- 
transmission source. 
The probability of immersion of the blister in the water source is dependent on 
the location of the blister. Larvae that are ejected from the lower legs and feet 
are the most likely to contaminate water sources. Blisters on the hands and 
lower arms are also likely to contact drinking water sources but they are also 
likely to contact other sources so the probability of eruption in a drinking water 
source is reduced. About 85% of worms come out of the feet, ankles and legs 
and about 2% of worm exits are from the hands and arms (Muller, 1971; 
Braide et al., 1991). 
Surveillance counts the number of cases of Guinea worm and not the number 
of worms. Examination of 8 studies of multiple worm exits gives an estimate 
of 1.8 worms (SD. 45) per case as shown in section 3.2. The marginal effect of 
additional worms on the probability of contaminating a water source should 
decrease with the number of worms due to increasing loss of mobility. 
Although larvae are expelled over a period of 15 days, the major expulsion 
occurs when the blister bursts. Only those larvae expelled during the first 
seven days are viable (Muller, 1971 a). The pain caused by the initial eruption 
reduces the probability of the sufferer gathering water. 
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There are several possible explanations for the difference in results between 
North Zou and Nigeria. Three major differences between the areas are the 
population density, the case density both by population and by area and the 
degree of mobility. These factors are higher in Nigeria than in North Zou. All 
these would increase the amount of cross infection between villages. The 
higher population density leads to more people using each water point and thus 
to a higher risk of contamination of the water point and more people susceptible 
to infection by drinking the water. The probability of contamination of shared 
water points depends on the number of cases in all villages using that point. 
The higher case density would have an analogous effect. The greater degree 
of mobility in Nigeria due to more and better roads and more and less 
expensive public and private motorised transport also increases cross infection 
of water points. The increased mobility also increases the likelihood of 
contamination of a water point inside a village by an outsider and the risk of 
outside infection of a resident. In Nigeria there is a smaller probability that 
someone will be where he was one year previously than in North Zou. Another 
possible explanation for the difference between the results from the two areas 
is the data collection method. The North Zou surveys were done during the 
patent stage of the infection and relied on visible diagnosis. The Nigerian 
surveys were retrospective after the end of the disease period. Small numbers 
of cases can be easily forgotten or remembered as more cases as discussed 
in Section 5.4. 
Stochastic extinction should simplify efforts to eradicate Guinea worm. Half the 
villages with less than 5 cases in North Zou had no cases the following year. 
Interventions do not have to be precise enough to reach every village with less 
than 5 cases since there is a 50% chance that those villages will not have 
infection the following year. Since the rate of extinction is inversely related to 
the number of cases in village, it seems that water supply should be targeted 
to the most heavily infected villages because when cases are reduced 
significantly there is a much improved chance that extinction will occur and the 
probability of extinction in villages with few cases is already high. The strength 
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of this argument for targeting the most infected villages is weakened 
considerably by the previous two sections. 
Conclusions: There is justification for targeting water supply first to the most 
heavily infected villages, although the previous section cast doubts on the ability 
to predict these villages. By reducing the number of cases it is possible to 
eliminate Guinea worm from a village even if some villagers remain susceptible. 
Hypothesis 1 was not true and it was seen that the number of cases in a village 
is not predictable from the number of cases in the previous year. This removes 
much of the justification for targeting the most infected villages. Hypothesis 2 
was not valid and it was concluded that non-infected villages in endemic areas 
do not remain unaffected. This conclusion removes much of the justification of 
eradication programmes focusing only on infected villages. Hypothesis 3 
concluded that many infected villages report no cases in the following year. 
This removes some justification for focusing on infected villages. These three 
hypotheses show that the results of a case search by village can only very 
approximately be used to learn which villages will or will not be infected the 
following year and will not predict the levels of cases in a village with any 
degree of accuracy. This calls into question the effectiveness of the search 
component of the search and destroy method at village level. 
7.3 DISTRIBUTION AND EVOLUTION OF GUINEA WORM IN REGIONS 
In the previous section it was shown that Guinea worm is not highly statically 
focused in villages. This section examines static focus at the regional level. 
Predictability of the level of infection would allow targeting of water supply 
resources to endemic areas. Most externally assisted water supply 
programmes have a limited area of intervention. Two related hypotheses are 
tested in this section: 
4. The number of cases in an area (LGA) is a good basis for prediction of 
the number of cases in the following year. 
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5. The number of cases in a large region (state) is a good basis for 
prediction of the number of cases in the following year. 
Hypothesis 4: The number of cases in an area (LGA) is a good basis for 
prediction of the number of cases in the following year 
Background: Most water supply interventions are planned at the State or 
Provincial level. The relative endemicity of regions can be used to target areas 
although it is often difficult to refuse water supply to those in villages that 
neighbour Guinea worm endemic villages and are in need of water supply by 
all criteria except Guinea worm. The knowledge of where Guinea worm will 
appear is also important for case control and extraction teams. It is less 
important for hygiene education which can and should reach as wide an area 
as possible. A constant level of infection between years in endemic areas is 
an implicit assumption in many Guinea worm programmes (Richards and 
Hopkins, 1989). Stochastic variation at the village level is expected to balance 
out at the regional level. 
Data: The number of cases from each LGA in Nigeria for the years 1988/89, 
1989/90 and 1990/91 were compared to find the inter-year consistency. Case 
counts are aggregated to the original 454 LGAs because the administrative 
reorganisation that created new LGAs from existing LGAs in August 1990 
involved the division of existing LGAs. Information was not available to permit 
disaggregation of earlier data into the new LGAs except in selected areas. 
The number of cases per LGA was plotted against the previous year. The 
correlation coefficient between cases in years 1989/90 and 1988/89 r=0.85 
(0.83-0.88 at 95% confidence). For 1990/91 as a function of the previous year, 
r=0.92 (0.90-0.93 at 95% confidence). As a function of cases from two years 
previous r=0.80 (0.76-0.83 at 95% confidence). Figure 7.4 shows the number 
of cases 1989/90 as a function of the previous year's cases and Figure A. 14 
in Appendix 2 shows the relation for the following year. 
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By grouping the LGAs by number of cases in five categories, the reliability of 
using data from one year to target water supply in the following can be 
measured (Table 7.4). The categories are defined as follows: 
Very highly infected LGAs are the 5% (23) most infected LGAs 
Highly infected LGAs have more than 2000 cases 
Medium infected LGAs have between 500 and 1999 cases 
Low infected LGAs have between 1 and 499 cases 
Non-infected LGAs reported no cases. 
TABLE 7.4: CHANGE IN LEVELS OF CASES IN LGAS BETWEEN YEARS 
1988/89 1989/90 
Level of Number Number of LGAs by Level of Cases 
Cases of LGAs Very high High Medium Low None 
Very high 23 16 2 5 0 0 
High 26 3 9 8 3 3 
Medium 53 4 7 20 18 4 
Low 154 2 12 98 43 
None 198 2 3 15 177 
Totals 454 23 22 48 134 227 
1989/90 1990/91 
Level of Number Number of LGAs by Level of Cases 
Cases of LGAs Very high High Medium Low None 
Very high 23 " 19 3 0 1 0 
High 22 3 5 12 2 0 
Medium 48 1 2 24 20 1 
Low 134 0 1 9 110 14 
None 227 0 1 4 34 188 
Totals 454 23 12 49 167 203 
LGAs show some stability within the classification of incidence. However 14% 
(64) of the LGAs were classed in the second year more than one category 
away from the first year's category. This was due to the high stability of low and 
non-endemic LGAs. Of 104 LGAs with more than 500 cases, 18% changed by 
more than one class. 
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FIGURE 7.5: SCATTER PLOT CASES BY LGA 1988/89 - 1989/90 
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In 1989/90,20 of the 198 LGAs (10%) that had reported no cases in the 
previous national case search reported cases. In 1990/91,22 LGAs (10%) that 
reported cases had previously reported no cases. Although this 10% new 
infection rate is lower than the 15-20% rate found for villages, it is still a high 
rate for a developed programme after 4 years of search. As the levels found 
are mostly low (although 10% of these LGAs have high numbers of cases), this 
does not cause major problems in the control of the number of cases of Guinea 
worm but will undoubtedly hinder eradication efforts. 
In 1989/90,50 of the 256 LGAs (20%) and in 1990/91,15 of 227 LGAs (7%) 
that had reported cases the previous year reported no cases. The LGAs 
reporting a change between infected and non infected are shown in Figure 7.6. 
Many of these LGAs are in Kano and Jigawa which was created out of Kano. 
There were problems between the national programme and state health officials 
in Kano in 1989/90. With these states excluded, first time reports were 
received from 7% of the infected LGAs in 1989/90 and 6% in 1990/91; 15% of 
the LGAs that reported cases in 1988/89 and 6% of those reporting cases in 
1989/90 reported no cases the following year (Table A. 15 in Appendix 3). 
Figure 7.6 shows that these changes are not occurring in the same area. 
Discussion: The inconsistency seen at village level balances out at the LGA 
level. This implies that either variation at village level averages out at the LGA 
level or that variations in external conditions affect the villages in that area 
differently. In any case, the relative consistency of cases allows interventions 
especially water supply but also health and case containment methods to be 
targeted by LGA. 
The 6% to 10% LGAs that have reported cases after not reporting cases for 
several years could cause serious problems for eradication. Half these new 
reports can possibly be traced to failures in the surveillance system. An 
inaccuracy of reporting to 5% after four years would suggest the inability to 
effectively carry out the level of surveillance necessary to identify every case. 
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The other half of the new reports are probable new infections. One major 
reason for the failure of the malaria eradication was the frequent reinfection of 
areas previously thought to be free (Watts, 1987). If Guinea worm readily 
spreads to uninfected areas it will be almost impossible to control. A village 
based reporting system is also LGA based. There is no monitoring system in 
place in LGAs that are believed to have no cases. If only 90% of infected LGAs 
have surveillance capacity then the programme will not reach all infected areas 
and the number of cases will be under reported by an additional 10% more 
than discussed in Hypothesis 2. 
Conclusion: It is possible to focus on "endemic" areas to have a large impact 
on Guinea worm. A focus on only the areas with reported cases is not likely to 
reach all infected villages in the following year. 
Hypothesis 5: The number of cases in a large region (state) is a good 
basis for prediction of the number of cases in the following year 
Background: Nigeria is a federation of 30 states and the federal capital 
territory with an average population of 3 million per state. Water supply is the 
responsibility of state and local government departments. The Federal 
government contributes to rural water supply through the Directorate of Food, 
Roads and Rural Infrastructure (DFRRI) and the Service of Water Supply and 
Quality Control currently in the Department of Agriculture, which is charged with 
monitoring the sector. Water supply provision is planned locally. In order for 
support to be given to a particular state for water supply targeted for Guinea 
worm eradication, the expected number of cases should be predictable. Often 
political realities dictate that the same level of support must be given to all 
states. In other countries water programmes can be shifted to needed areas 
as required and as political realities allow. 
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Data: Table 7.5 shows the cases per state per year for Nigeria. For ease of 
reference the states are arranged by decreasing order of number of cases 
reported during the second case search 1988/89 which is the first year used in 
this analysis. The number of cases is disaggregated to the 30 states plus the 
Federal Capital Territory of Abuja according to the administrative realignment 
of August 1990. Disaggregation was possible because state creation was 
based on LGAs existent before the restructuring and village case counts were 
collected, collated and stored by LGA. 
TABLE 7.5: CASES BY YEAR AND BY STATE IN NIGERIA 
1988/89 1989/90 1990/91 
Enugu 233278 95407 51954 
Ondo 148730 78032 40422 
Sokoto 53049 50864 52324 
Benue 41337 44173 30121 
Abia 31510 16402 14774 
Bauchi 27131 16076 9664 
Katsina 24716 19248 12641 
Niger 18281 18451 14759 
Oyo 12878 10517 3883 
Kwara 12139 10574 4788 
Borno 7100 2224 1984 
Cross River 6700 7237 3444 
Plateau 5627 4087 6250 
Kano 5056 5989 4965 
Kebbi 4904 2566 6689 
Kogi 3428 1127 1139 
Yobe 2274 2610 2254 
Osun 1291 905 974 
Ogun 1238 887 1441 
Abuja 779 734 76 
Jigawa 574 39 3625 
Edo 399 296 786 
Kaduna 352 7 0 
Rivers 295 436 112 
Taraba 240 99 39 
Imo 216 129 16 
Delta 173 4772 849 
Lagos 35 33 84 
Adamawa 29 0 347 
Anambra 0 0 0 
Akwa Ibom 0 0 0 
643759 390428 270404 
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The number of cases during 1990/91 is plotted in Figure 7.7 with cases from 
1989/90 on the x-axis. The correlation coefficient, R for the year 1990/91 as 
a function of 1989/90 is 0.95 as is 1989/90 as a function of 1988/89 (Figure 
A. 15 in Appendix 2). The 95% confidence interval is 0.90-0.98 for both years. 
R for two years later is 0.84 (0.70-0.92 with 95% confidence). 
States are grouped in five categories to learn whether the relative level of cases 
changes from year to year without intervention. The categories are: 
Very highly infected states are the 10% (3) most infected 
Highly infected states are the next 25% (7) most infected 
Medium infected states have more than 1000 cases 
Low infected states have between 1 and 1000 cases 
Non-infected states reported no cases. 
TABLE 7.6: CHANGE IN LEVELS OF CASES BY STATE IN NIGERIA 
1988/89 1989/90 
Level of Number Number of States by Level of Cases 
Cases of States Very high High Medium Low None 
Very high 3 3 - - - - 
High 7 - 7 - - - 
Medium 9 - - 7 2 - 
Low 10 - - 1 8 1 
None 2 - - - - 2 
Totals 31 3 7 8 10 3 
1989/90 1990/91 
Level of Number Number of States by Level of Cases 
Cases of States Very high High Medium Low None 
Very high 3 3 - - - - High 7 - 5 2 - - 
Medium 9 - 2 4 2 - Low 10 - - 2 7 1 
None 3 - - - 1 2 
Totals 31 3 7 8 10 3 
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Although the number of cases by state varies widely between years, the states 
maintain their relative grouping. 
Discussion: As generally expected, the classification of state by level of 
endemicity remains valid from year to year without intervention. The number of 
cases does vary a great deal year to year. There were yearly reductions of 
39% and 31% in the total number of cases. This was uneven from state to 
state. The three states that differ most significantly from predicted values are 
Delta, Jigawa and Kebbi that were created in August 1990. Newly created 
health and water departments might explain these differences as reporting 
inconsistencies. 
The major correlation in change in number of cases is latitude. In the south, 
cases fell by 73% from 436,743 to 118,649 from 1988/89 to 1990/91 whereas 
in the north they fell by 24% from 149,064 to 113,172 and in the middle belt by 
37% from 57,952 to 36,510. Cases in 8 of 12 southern endemic states fell by 
more than 50%, whereas cases in 4 of 6 middle belt states and only 4 of 11 
states in the north fell by 50%. This difference could be attributed to the 
publicity of the Guinea worm eradication programme and the ability of people 
in the south to substitute other water sources for those that transmit Guinea 
worm. Another probable explanation is that new water supplies in the south are 
normally wells and boreholes while in the north they are catchment dams and 
artificial ponds that are prime transmission sites for Guinea worm. These ponds 
are a major part of Agricultural Development Projects (ADPs) financed by the 
World Bank in northern Nigeria and many other areas in the Sahel. 
Adamawa that had previously reported cases reported no cases in 1989/90. 
The following year, an endemic foyer (infected for several years) was 
discovered in the state and 347 cases were reported. In 1990/91 two states 
that had few cases in previous years reported no cases. It should be noted that 
in states that report no cases, the state task force used in programme 
implementation becomes inactive and is unlikely to report cases in the future. 
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Conclusion: It is possible to target projects to states based on the reported 
number of cases but it is not possible to judge the impact of interventions in 
one year at state level. 
Conclusions of Section 7.3 
Hypotheses 4 and 5 were shown to be true. It was shown that year to year 
variability in the number of cases was high but areas remained within 
classifications according to number of cases. A relatively high proportion (6- 
10%) of infected areas were classed as non-endemic the previous year. Water 
supply and other interventions can be targeted to endemic areas by number of 
cases. 
7.4 WATER SUPPLY AND NUMBER OF CASES 
Because Guinea worm infection comes only through drinking contaminated 
water, the provision of a safe drinking water supply should stop transmission. 
This section examines the impact of improved water supply on the number of 
cases. There are three hypotheses examined: 
6. The provision of safe drinking water will reduce the number of cases of 
Guinea worm in a village. 
7. The incidence of Guinea worm is related to the distance to a source of 
safe drinking water. 
8. Village based health education will reduce the number of cases of 
Guinea worm in a village. 
Hypothesis 6: The provision of safe drinking water will reduce the number 
of cases of Guinea worm in a village 
Background: The projected impact of the provision of safe water supply on 
the incidence of Guinea worm infection is the justification for the involvement 
of the water supply sector in the fight against Guinea worm. Because Guinea 
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worm is transmitted only through drinking of contaminated water, it is logical to 
assume improved water supply is the major tool in reducing Guinea worm. 
Guinea worm eradication was a sub-goal of the International Drinking Water 
Supply and Sanitation Decade (Hopkins, 1982). The New Delhi Statement 
(Collaborative Council, 1991) acknowledges the relation between improved 
water supply and eradication of Guinea worm. 
Several studies have tried to quantify the impact of water supply on Guinea 
worm in Africa (Lyons, 1972; Prod'hon et al., 1982; Udonsi, 1987; Edungbola 
et al., 1988; Henderson, et al., 1988. These studies show reduction rates of 
between 37 and 90%. A WASH technical report examines seven studies from 
Africa and India and concludes that reductions in Guinea worm disease due to 
improvements in water supply are in the range 75-81 % (Esrey et al., 1989). 
Data: Because this hypothesis is the basis of water supply interventions in 
Guinea worm programmes, it is examined in different ways in two areas: 
1. The first analysis using data from North Zou compares the incidence in 
villages and hamlets that lie within 1 kilometre of improved water supply 
with the incidence in villages that are further away. The area was 
described in Section 5.2. A latitudinal survey of Guinea worm was 
carried out in all villages in the area before the start of interventions in 
1988 and similar studies were continued in the following two years. 
Locations of boreholes prior to 1988 and incidence in 1988/89 is shown 
in Figure 7.8. Table 7.3 shows the data for each year. In 1988/89 the 
incidence in villages with improved water supplies was 66% less than in 
those without improved water supply. In 1989/90 before additional 
interventions would have had an effect, the difference was 72%. In 
1990/91 the difference was 74% (leaving out villages supplied with water 
the previous year. These figures are robust with the difference in 
incidence in the five administrative subgroups ranging between 60% and 
80% (Table A. 16 in Appendix 3). 
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TABLE 7.7: GUINEA WORM AND WATER SUPPLY IN NORTH ZOU 
Water Supply Difference in 
Incidence 
No Water 
Supply 
1987-88 
Number of villages 303 354 
Cases 6502 9082 
Population 229494 128386 
Incidence % 2.8 7.1 
Average Incidences % 3.6 8.9 
Difference 61% 
1988-89 
Number of villages 303 354 
Cases 3579 6041 
Population 229494 128386 
Incidence % 1.6 4.7 
Average Incidence % 2.6 6.0 
Difference 66% 
1989-90 
Number of villages 340 317 
Cases 1880 3243 
Population 247839 110041 
Incidence % 0.76 3.95 
Average Incidence % 1.3 3.7 
Difference 74% 
Discussion: The region studied was recognised as a heavily endemic area by 
health and water authorities before this study and interventions (Chippaux, 
1985). Although no systematic study had been done, the objectives of the 
previous water supply projects included improved health and increased water 
supply coverage. It is probable that some villages were given a higher priority 
for water supply because of high rates of Guinea worm infection. In this case 
the actual reduction would be greater than measured because the intervention 
villages would have had a higher initial incidence than the non-intervention 
villages. 
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Counteracting this effect is the provision of water supply to villages based on 
population. The average population size of villages with water was 757 which 
is more than twice the average population of 363 of villages without improved 
water supply. The effect of village size on the number of cases is discussed 
in Section 6.3.1. Table 7.8 shows incidence in villages with and without 
improved water supply by size of village. The incidence in villages with a 
source of safe water is about 50% less in all population size groups. 
The difference in incidence rose from 61 % in 1987/88 to 74% in 1989/90. 
Probable reasons for this increase are a synergism between water supply and 
hygiene education/community awareness and improved maintenance of existing 
handpumps. These factors are discussed in Section 8.5. 
TABLE 7.8: WATER SUPPLY, POPULATION AND INCIDENCE IN NORTH 
ZOU 
Incidence by size of village 
Type of Village 1-200 201-500 501-1000 >1000 
1987/88 Without water 12.4 7.1 6.6 1.8 
With water 4.9 4.4 3.2 2.0 
1988/89 Without water 8.8 4.7 3.8 2.1 
With water 4.3 2.6 1.9 0.9 
1989/90 Without water 5.4 3.2 1.3 2.2 
With water 3.2 1.8 0.7 0.3 
Average difference 54% 44% 53% 46% 
{1-Water/without water) x 100 
Data: The second analysis is for the same region and uses the change in 
cases in villages supplied with boreholes during 1988. All the villages without 
safe water supply serve as the control group. Incidence was measured in the 
year following intervention (i. e., cases transmitted just before intervention) and 
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the year after (i. e., the first year affected by the change). The data of this study 
are shown in Table 7.9. In non-intervention villages, incidence was measured 
in the second year as 40% less than the previous year. 
TABLE 7.9: CHANGE ONE YEAR AFTER WATER SUPPLY PROVISION IN 
NORTH ZOU 
Existing safe 
water 
New borehole No safe water 
Number of villages 303 37 317 
Population Total 229494 18345 110041 
Per village 757 495 347 
1988/89 
Cases Total 3579 662 5379 
Per village 11.9 17.9 17.0 
Incidence 1.6% 3.6% 4.9% 
Average Incidence 2.6% 3.8% 6.2% 
Villages with cases 178 22 233 
1989/90 
Cases Total 1664 216 3243 
Per village 5.5 5.8 10.2 
Incidence 0.7% 1.2 2.9 
Average Incidence 1.3 1.5 3.7 
Villages with cases 162 25 220 
Change 
Cases/incidence -54% -67% -40% 
Average Incidence -48% -62% -40% 
Villages with cases -16 (-5%) +3 (+8%) -13 (-4%) 
In the intervention villages, incidence fell by 67% while in the control villages 
it fell by 40%. The standard error of the difference is 8.1 % so the difference is 
3.4 standard errors, p=0.0000. The base incidence in the intervention villages 
was lower than the control villages so that the incidence after intervention was 
60% lower in the intervention villages than in the control villages. 
Discussion: These results agree with the results of the first analysis. The 
intervention villages were chosen before the results of the first survey were 
available. The main criteria for selection were population size and geographic 
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convenience. Although Guinea worm became a priority of the project, these 
first interventions had less Guinea worm (3.6% versus 4.9%) than other villages 
without safe water. This could be a reason for the difference from the first 
analysis. The average population size of 495 in intervention villages was higher 
than the average population of 317 in villages not supplied with improved water. 
The number of villages does not warrant an analysis by size. The very large 
(40%) decrease in the control villages has been seen in all areas that have 
been studied. Possible reasons for this decrease are discussed in Hypothesis 
11. 
Data: The third analysis uses the same method as the first analysis but applies 
it to data from four years from Asa LGA in Kwara state in Nigeria. There were 
177 villages with a total population of 22467 that had a safe drinking water 
supply compared with 456 villages with a population of 85189 without a safe 
drinking water supply. The mean population per village was 192 and 187 
respectively. Case data were collected during national case searches as 
described in Section 5.3. Figures A. 16 and A. 17 in Appendix 2 show locations 
of water supply and Guinea worm. The incidence in villages with safe drinking 
water supply was lower than in villages without access to safe drinking by 60%, 
36%, 56% and 51% during the four years as shown in Table 7.10. When 
disaggregated by village size the average reductions by village size were 41 %f 
52% and 83% with the highest reduction in the range 501-1000 (Table A. 18 in 
Appendix 3). 
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TABLE 7.10: GUINEA WORM AND WATER SUPPLY IN ASA LGA 
1988-89 1989-90 1990-91 1991-92 
Villages with Safe Water 
Number of villages 117 
Population 22467 
Cases 369 455 96 41 
Incidence (%) 1.6 2.0 0.4 0.2 
Mean Incidence (%) 2.6 2.6 0.8 0.3 
Difference in incidence 60% 36% 56% 51% 
Villages without safe water 
Number of villages 456 
Population 85189 
Cases 3514 2681 797 312 
Incidence (%) 4.1 3.1 0.9 0.4 
Mean incidence (%) 5.4 4.6 1.4 0.6 
Discussion: The water supply coverage of 21% is much lower than in the 
North Zou which was examined earlier. This could have had the effect of 
reducing the effectiveness of hygiene education by reducing the choice of most 
villagers when they travel. Although hygiene education by trained village-based 
workers was a part of the programme of interventions, it was not carried out 
equally well in all interventions. 
The average population per village was much lower than in Zou. Although this 
should have eased access to the water supplies, it did not have a larger effect 
on the incidence. This could be due to problems of maintenance. The 
handpumps were installed by DFRRI or by the WATSAN project. There was no 
provision for maintenance of DFRRI pumps and the WATSAN project was very 
slow in repairing breakdowns. Similar analyses in three other LGAs (Ishielu, 
Obubra and Shiroro) support these results. These results agree with the 
results from North Zou. 
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An earlier study (Edungbola et al., 1988) in Asa LGA evaluated the impact of 
the UNICEF assisted Water and Sanitation programme by measuring the peak 
prevalence in 20 intervention villages and 5 control villages in 1983/84 before 
drilling of a borehole and installation of a handpump and in 1986/87 after 
intervention. It was reported that peak prevalence fell by 81%. There were no 
reported cases in the intervention villages in 2 of the 3 years of this study while 
the incidence in the other year was 74% less than in the control villages. 
Discussion: The results show a reduction due to improved water supply of 50- 
60% that is lower than previous studies (Edungbola, 1988; Henderson, 1988) 
that show a reduction in the number of cases between 70-85%. 
Although the provision of safe water supply reduces the number of cases its 
effect is less than 100%. Safe water is not drunk exclusively even when 
available. This is because safe water supply provision provides an alternative 
and not a replacement for unsafe water supply. Existing unsafe drinking water 
sources are never removed or destroyed and very rarely abandoned completely 
when safe water is made available. The safe drinking water source must 
compete with the old water source in terms of habit, taste, convenience, 
availability and location. At a minimum to compete effectively and supplant the 
traditional source, the new source must be continually available which requires 
an effective maintenance system. Even when continually available the 
convenience and accessibility of collection are major factors. Taste or change 
in taste can affect usage as can habits. Various factors have been observed 
that reduce the use of an improved water source. The aggressiveness of 
groundwater in many parts of Africa tends to concentrate iron in the water both 
from the ground and from the pumping equipment. Apart from this taste 
difference, groundwater is often perceived as less crunchy or having less body 
than pond water. Convenience is another factor in lowering utilisation. If the 
improved water source is not closer, quicker and easier to use than the 
traditional source, it will not be used as often. Distance is a major factor as 
sufficient water can be a burden to carry. A pump that serves more than 500 
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people often has a queue waiting to use it. The location of a pump may not be 
ideal and may hinder access. This is often the case when a pump is meant to 
serve more than one community or when groups within the community are 
unfriendly. 
Handpumps must be maintained. If maintenance is provided by a government 
service it has been found that at the beginning most pumps are well maintained 
but the service falls off over time. With village based systems a higher level of 
maintenance is possible but the factors cited above lower the number of pumps 
maintained. There are also system problems that arise in maintenance that are 
discussed in Section 8.4.2. 
Even when safe drinking water is available and used at home, it is not available 
in most other places if water supply coverage is low. The reduction in use of 
unsafe water will result in lower exposure to Guinea worm infection. Thus if 
someone uses 90% less infected water the chances of their contracting Guinea 
worm are 90% less. Unfortunately this is not true for other enteric diseases 
where the probability of infection is not related to the number of pathogens 
ingested. The effect of water supply provision can be improved by hygiene 
education/mobilisation to increase use and especially exclusive use. 
Conclusion: Improved water supply provision causes a 50-60% reduction in 
the number of cases in intervention villages. Because this impact is less than 
100%, the impact of water supply on elimination will also be less than 100%. 
It is examined in Hypothesis 9. 
Hypothesis 7: The incidence of Guinea worm is related to the distance 
to a source of safe drinking water 
Background: In the previous section it was shown that provision of safe water 
supply reduces Guinea worm. This section examines the relation of the 
distance to the nearest improved water source and the incidence of Guinea 
worm. In areas where Guinea worm occurs in the dry season people must go 
longer distances to collect water. This implies that perennial water sources 
such as boreholes would be used by a wider circle of villages. If one has to 
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walk a long distance to collect water, it should be to a good reliable source that 
happens to be safe. 
In addition to the direct effect of improved water use by villages near an 
improved water source, there should be a secondary effect due to lowered use 
and contamination of traditional water points near villages that have improved 
water supply. This effect would not appear until the second year after 
installation of improved water but should be cumulative. 
Data: The cases in North Zou are compared to the distance to the nearest 
improved water point. The latitude and longitude coordinates of all improved 
water sources have been measured and entered in a datapoint file in a 
Geographic Information System (GIS). Concentric circles were drawn around 
these water points at distances of 0.5,1,2,3,5 and 10 kilometres. The 
coordinates of all localities with population and number of cases were also 
entered as a database file. The number of cases and the population within each 
distance were found and the incidence between the different distances 
calculated. Figure 7.8 shows the location of improved water points and the 
incidence per village. Many villages especially along the main roads are within 
3 kilometres of more than one water point. This calculation uses only the 
nearest point. 
This analysis examines differences between localities not variations within 
villages so that a location is assumed to be fixed at the centre. This is valid 
because "villages" have been subdivided into villages, quarters and localities. 
The resulting units are small enough (< 500m) to ignore variations. 
The results tabulated in Table 7.11 and graphed in Figure 7.9 show a 
pronounced dependence of incidence on the distance to improved water points 
which peaks at 5 kilometres after which it declines. Because Section 6.3.1 
showed that the incidence of Guinea worm is related to the population of the 
village this analysis is done by strata for each of the four population ranges. A 
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Mantel Extension of a Chi Square analysis for trends (Epilnfo Version 5) 
showed a significant variation (XZ . 203: pa0.00000). The variation with 
distance is much more pronounced in villages with population less than 500 
which as was seen in Section 6.3.1 have a higher incidence than larger 
villages. The stratified analysis shows the moderating effect of the population. 
The incidence increases by distance to improved water by about 70% per 
kilometre for the first three kilometres before levelling off. Far away (>7.5 
kilometres), the effect of distance is no longer relevant. 
TABLE 7.11: CASES BY DISTANCE TO WATER SUPPLY AND BY 
VILLAGE SIZE IN NORTH ZOU 1988/89 
Distance 
Km 
1-200 
Cases/ 
Pop 
201-500 
Cases/ 
Pop 
501-1000 
Cases/ 
Pop 
>1000 
Cases/ 
Pop 
Uncorrected 
Odds Ratio 
MH 
Extended 
Odds 
Ratio 
115 805 1145 973 1.0 1.00 
<0.5 3960 31483 62074 112068 
11 150 180 90 1.9 1.45 
0.5-1 1189 5300 8326 4553 
232 476 344 35 2.7 1.80 
1-2 3473 11545 9365 3315 
407 593 93 223 3.7 2.60 
2-3 3803 8667 4857 7077 
397 831 525 10 4.2 2.68 
3-5 3248 16839 7053 1490 
351 973 250 5 3.3 1.99 
5-10 3654 19554 8166 1095 
55 201 40 0 2.2 1.30 
>10 735 6310 2340 0 
Extended Mantel-Haenszel x2 for linear trend 203.3 
p=0.00000 
Discussion: As expected there is a variation of incidence with distance. It is 
much more pronounced in villages with population less than 500, which, as 
seen in Section 6.3.1, are more likely to have Guinea worm and no improved 
water. This is also seen in Figure 7.9 where incidence falls off by about 70% 
per kilometre. 
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There are two causes for the impact of water supply extending beyond the 
village where the water supply is. The first cause is the sharing of water supply 
between villages with nearby villages with dried up sources using the improved 
water supply instead of alternatives during the dry season. Water supply that 
is shared among villages reduces the number of improved water supply points 
required. A more realistic appraisal would note that villages that pay for 
maintenance usually will not share with outsiders. This is reinforced when 
boreholes serve 500 or more people. The more probable cause of this 
reduction is the decreased probability of contamination of water points shared 
with other villages. This is due to both lowered use of these shared points by 
the intervention village and a lowered incidence among the intervention villages' 
residents that continue to use the source. At low rates this effect would be 
substantial. 
The effect of improved water supply decreases with distance. It seems that 
there is a trough in the incidence at 3-10 kilometres. Beyond this distance the 
measured incidence falls. In North Zou which has a high water supply coverage 
and a relatively high clustering of villages, the villages that are isolated would 
have arranged alternative water supply. To determine whether the incidence 
in an area is related to water supply coverage given similar conditions, 
incidence was plotted against water supply coverage for the communes 
(subdistricts) in North Zou. There is no correlation (Figure A. 1 9 in Appendix 2). 
Conclusion: Improved water supply has an effect outside the immediate 
community where it is installed. This effect depends on the distance to the 
water source. 
Hypothesis 8: Village based hygiene education will reduce the number of 
cases of Guinea worm in a village. 
Background: Water supply provision has been shown not to translate into 
exclusive use of safe water. It is a widely accepted paradigm of international 
assistance that hygiene education is important to increase the health impact of 
improved water supply. 
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Data: As part of the water supply project in North Zou village based 
committees responsible for hygiene education and social mobilisation were set 
up in villages that were to receive improved water supply. These same 
committees were set up in existing villages. Two volunteers from each 
committee were trained to carry out hygiene education in their villages, and 
monitored during biweekly supervision. The mobilisation' and training are 
discussed in Section 8.4. The villages were classified by preexisting water 
supply (before 1988), water supply provided during 1988 before the 
transmission season in November, and villages without improved water as of 
November 1988. The difference in incidence after intervention with village 
based hygiene education is 38% lower in villages with existing water supply, 
18% lower in villages receiving an improved water supply and 51 % lower in 
villages without an improved water supply. The incidence in all villages with 
hygiene education was 62% lower after intervention whereas the incidence in 
villages without village based hygiene education was 39% lower. These results 
are shown in Table 7.12. 
Discussion: As expected hygiene education has a major influence on use of 
drinking water by increasing the number of people that use the water supply. 
As described in Section 8.4, mobilisation and hygiene education was not 
confined to the intervention villages and this confounding effect would lower the 
incidence in the control villages and thus the measurement of the effect, so it 
is highly probable that the effect of hygiene education has been 
underestimated. 
The hygiene education had the objective not only of increasing use directly but 
also in maintaining the pump functional by creating a sense of ownership and 
demand. This effect on the functioning of the pump could account for the larger 
difference in villages with preexisting water compared to those receiving water 
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TABLE 7.12: EFFECT OF VILLAGE BASED HYGIENE EDUCATION IN 
NORTH ZOU 
Category No of 
Villages 
Incidence 
1988/89 
Incidence 
1989/90 
Change 
% 
Difference 
in Change 
Villages with existing 
water supply 
No hygiene education 115 1.3 0.6 -54 
Hygiene education 91 1.5 0.4 -72 38% 
Villages receiving water 
supply 1988 
No hygiene education 4 0.9 0.3 -59 
Hygiene education 32 4.4 1.5 -67 +18% 
Villages with no water 
supply 
No hygiene education 320 4.1 2.7 -34 
Hygiene education 95 3.3 1.6 -52 +51% 
All villages 
No hygiene education 439 2.9 1.8 -39 
Hygiene education 218 2.4 0.9 -62 +60% 
during 1988. Maintenance records are not available to confirm this difference 
and there were too few villages receiving water without a committee to make 
the difference significant. The high degree of mobilisation during installation 
and the novelty of the improved water supply should keep use high during the 
first year. 
It should be noted that the hygiene education stressed use of safe water. The 
promotion of strainers was not part of this programme. An attempt at this time 
to evaluate different sizes and materials of strainers was not successful due to 
the inability to observe any significant use of any design or type after 
mobilisation in four villages to encourage use. 
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Conclusion: Hygiene education causes a measurable reduction in the number 
of cases of Guinea worm in a village. 
7.5 WATER SUPPLY AND ERADICATION 
In the previous section the effect of water supply provision on the number of 
cases was examined. In this section the effect of water supply on the number 
of infected villages is calculated. The feasibility of supplying water to all 
identified infected villages is determined. This leads to a determination of the 
feasibility of Guinea worm eradication through water supply provision. The three 
hypotheses tested in this section are: 
9. The provision of safe drinking water will eliminate Guinea worm from 
intervention villages. 
10. All infected villages can be supplied with safe drinking water within a 
short time using conventional methods. 
11. Guinea worm can be eliminated in highly endemic areas in Africa by 
improved water supply and related interventions. 
Hypothesis 9: The provision of safe drinking water will eliminate Guinea 
worm from most intervention villages 
Background: The role of water supply provision as a major strategy in 
eliminating Guinea worm is postulated by many authors (Muller, 1979; Hopkins, 
1985; Yacoob, et al., 1990). Improvements in water supply have been cited as 
reasons for elimination in the USSR and Iran (Litvinov, 1991; Sahba et al., 
1973). Several case studies (Tamakloe, 1990; Sharma, 1983; Usoro, 1992) 
have discussed elimination by water supply. Other case studies that stress the 
importance of health education, acknowledge a major role of improved water 
supply in eliminating Guinea worm (Foly et al., 1987). 
Although case studies that show the disappearance of Guinea worm in 
individual villages are good for publicity, they do not measure the overall effect. 
In Hypothesis 6, safe water supply was shown to reduce the number of cases 
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by 50-60%. This reduction can result in a decrease in the number of endemic 
villages by 50% by being 100% effective in some villages and 0% effective in 
others when the water supply is not used for reasons of breakdown or 
unsuitability or the number of endemic villages could remain the same and 
some, but not all use the improved water supply. The role of water supply in , 
the control of the number of cases of Guinea worm was examined in Section 
7.4. This section examines the role of water supply in reducing the number of 
Guinea worm infected villages. 
Data: In North Zou, Benin, during the three years studied, the rate of 
endemicity among the villages with access to safe water was about 20% lower 
than in villages without safe water. The rate of endemicity in villages that 
received a borehole in 1987 rose between the year of intervention and the first 
year after and became equal to the rate of villages that continued to not have 
access to safe water. In Asa during the four years studied, the proportion of 
infected villages was the same in villages with an improved water supply and 
those without an improved water supply. Locations of water supply and infected 
villages in 1988/89 in North Zou are shown in Figure A. 20 in Appendix 2. 
Table 7.13 shows the percentage of infected villages in each state in Nigeria 
that has an adequate source of safe drinking water in principle. The functional 
condition of each source was not determined. This varies between 3% and 
47%. The weighted average of 23% is about 20% lower than the 27% 
estimated rural water coverage. Because of the wide variations in coverage, a 
significant difference in levels of endemicity in villages in Nigeria that have an 
adequate source of water and those lacking safe water could not be shown. 
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TABLE 7.13: PERCENTAGE OF INFECTED VILLAGES WITH SAFE 
WATER SUPPLY BY STATE 
No in Infected 
Villages 
% of Infected 
Villages with 
Safe Water 
Rural Water 
Supply 
Coverage 
Abuja 20 35 79 
Abia 204 23 34 
Adamawa 36 14 66 
Bauchi 341 27 42 
Benue 234 9 14 
Borno 121 7 14 
Cross River 67 3 30 
Delta 23 22 7 
Edo 15 0 7 
Enugu 1161 32 7 
Imo 5 20 34 
Kano 36 N/A 31 
Katsina 258 18 35 
Kebbi 34 21 33 
Kogi 36 19 50 
Kwara 384 27 87 
Lagos 0 - - 
Niger 283 31 20 
Ogun 112 10 23 
Ondo 505 10 10 
Osun 129 13 7 
Oyo 593 9 7 
Plateau 43 7 26 
Rivers 14 29 9 
Sokoto 487 47 33 
Taraba 16 44 66 
Yobe 16 6 14 
5173 23% 27% 
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TABLE 7.14: x2 TEST: INFECTED VILLAGES AND WATER SUPPLY 
IN NORTH ZOU 
Non-infected Infected 
1987/88 
Water 113 186 299 
No water 104 240 346 
217 426 
x2 = 4.09, p=0.0433 
1988/89 
Water 124 178 302 
No water 99 255 354 
223 433 
x2 = 12.45, p = 0.004 
1989/90 
Water 152 187 339 
No water 97 220 317 
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x2 = 14.10, p = 0.0002 
Table 7.14 shows 2x2 tables of improved water supply and endemicity for 
each year in North Zou with a chi square test. The lower endemicity in villages 
with improved water supply is significant for all three years (although in the first 
year it is only significant at 95%). It is not significant for the first year after 
intervention in North Zou nor for any of the years in Asa LGA. 
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Discussion: Although water supply provision reduces the number of cases by 
50%, its effect on the reduction in the number of infected villages is much less. 
In North Zou, the difference is significant but roughly 20%. No difference was 
proved in Nigeria. The difference in results between the North Zou and Nigeria 
could be due to two factors. The water supply coverage in the North Zou is 
much higher than in Asa or the rest of Nigeria so that the possibility of 
exclusive use is increased. The more important factor is that 95% of the 
handpumps in North Zou are functional, whereas there are severe installation 
and maintenance problems in most of Nigeria. A survey of handpumps in 
Nigeria showing less than 50% functioning is described in Section 8.3. 
Even when maintenance problems are resolved and water is continually 
available as in the North Zou, the reduction in the number of infected villages 
is still only 20% There are two explanations. As explained in the previous 
subsection an improved water supply has an effect outside the village 
especially in nearby communities. This effect would lead to a reduction in the 
total number of cases in the area and lower the observed differences between 
intervention and non-intervention villages. By targeting highly infected villages 
Guinea worm could be eliminated from non-intervention villages with few 
autochthonous cases while intervention villages remain infected. 
Improved water supply competes with traditional sources and does not replace 
them. Neither Benin nor any state of Nigeria (nor to my knowledge any country 
in Africa) destroys unsafe water sources when safe water is provided. About 
half the people continue to use unsafe water. This could be for convenience, 
for taste, from habit. This seems to hold true for all levels of endemicity. 
Conclusion: Without a method of preventing use of unsafe drinking water, 
improved water supply does not eliminate Guinea worm. 
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Hypothesis 10: All infected villages can be supplied with safe drinking 
water within a short time using conventional methods. 
Background: As the number of endemic villages is less than 10% of all 
villages it is assumed (Hopkins, 1982) that it is relatively easy to focus on 
Guinea worm endemic villages and rapidly supply water to all villages. It is 
thought that there will be exceptional circumstances that for technical and 
hydrogeologic reasons provision will be more difficult but that a minor 
refocusing of priorities will enable water supply. The water supply needs to 
endemic villages in Nigeria will be calculated. 
Data: The case reports from Nigeria 1990/91 case search are used to identify 
villages. The report of one or more cases in a village during the year is used 
as the determinant of infection. Cases in the previous year are not used. 
Villages are classified by size. Population figures are sensitive politically as 
discussed in Section 5.3 so estimates of the number of households were used. 
The average household size was assumed to be 10 throughout the country. 
Existing improved water supply is considered to provide water at design 
capacity. Boreholes with hand pumps serve 500 people, dug wells serve 200 
and piped water supply serves everyone in the village. The state of repair of 
water systems was not taken into account. The cost of water supply provision 
is based on £1000 for a dug well, £4000 for a borehole with hand pump and 
£35,000 for a small reticulated system. Other options will be discussed in 
Section 8.3. 
The summary of results of this analysis is shown in Table 7.15. There are 
about 3600 infected villages without safe water, of these 28% are small villages 
and 7% large villages or small towns. Conventional water supply by a hand 
pump equipped borehole is not recommended for these villages. 
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TABLE 7.15: WATER SUPPLY FOR INFECTED VILLAGES IN NIGERIA 
Village Size 
1-200 201- 501- 1001- >1500 
500 1000 1500 
Number endemic 1117 1679 807 272 343 
% served 9 12 18 24 30 
Number unserved 1016 1470 662 207 240 
Cost '000Z 1016 5912 5296 2484 8400 
The total cost of water supply to all infected villages is £23,000,000. In a 
country as large as Nigeria, this is not excessive although unlikely to be 
allocated during one or two years. However because Guinea worm was shown 
to be highly clustered both at state and LGA level (Section 6.2), a small number 
of states and within states a small number of LGAs contain most of the 
endemic villages (Figure A. 22 in Appendix 2). 
Discussion: The number of endemic villages requiring improved water supply 
is not in itself a major problem. However the clustering of villages in and within 
states is highly uneven. With the desirability of improved water supply 
irrespective of Guinea worm or other health concerns, it is difficult technically 
and politically to focus water supply provision in only a few states and LGAs. 
A major problem in the allocation of water supply based on reports of Guinea 
worm was highlighted in Section 6.2. The list of infected villages varied 
considerably from year to year. Of the villages reporting cases, 20% did not 
report cases the previous year and 30% of the villages reporting cases the 
previous year did not report cases. It is also difficult to justify targeting based 
on the number of cases as it was shown that only about one half of the villages 
report cases within the range of 0.2 to 2.5 times the previous years report. In 
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addition as discussed in Section 5.4, the prospect of an improved water supply 
is a powerful incentive to report nonexistent cases. 
Although theoretically there are no major problems, there are practical problems 
in the most highly endemic areas. The Abakaliki area in Enugu state and 
neighbouring regions of Benue and Cross River states have been recognised 
for years as containing many cases (Nwosu et al., 1982) but wells and 
boreholes in the area are not productive due to a thick impermeable layer of 
clay (see Section 6.5.2). The very highly endemic region in Akoko North in 
Ondo state has a reticulated water network but frequent breakdowns reduce its 
effectiveness. In the northern states of Katsina and Sokoto, water has been 
provided in rural areas by runoff dams constructed by Agricultural Development 
Projects. These reservoirs are prime Guinea worm transmission sites. 
Hypothesis 11: Guinea worm can be eliminated in highly endemic areas 
in Africa by improved water supply provision and related interventions 
Background: One major justification for the effort to eradicate Guinea worm 
is that it possible (Hopkins 1983,1990). It was an expected by-product of the 
IDWSSD. The ecological niche is fragile and the means of prevention are 
straightforward and easily understood by those at risk (Ruiz-Tiben et al., 1991). 
The necessary project interventions - water supply, surveillance and health 
education are being carried out in most endemic areas. 
However it has been shown in earlier sections that water supply is not 100% 
effective and neither is health education. Although it seems that Guinea worm 
cases are decreasing and control efforts are successful (WHOCCD, 1993a, b), 
the question remains, can Guinea worm be eradicated from Africa in the near 
future? 
Data: Results from the North Zou of Benin are not encouraging for the timely 
eradication of Guinea worm through water supply, surveillance and health 
education. Rural water supplies have been provided at a high rate since 1981. 
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Since 1987, Guinea worm eradication has been a major priority of the water 
supply programme. This programme has included not only extensive water 
supply provision but a large hygiene education component, surveillance, and 
a pump maintenance programme that ensures that 95% of the pumps are 
functional at any time. Improved water supply coverage (pumps and pumped 
water) was 86% at the end of 1992 with 95% of the people within 3 kilometres 
of an improved water supply. Although the number of cases has decreased 
dramatically, there are still significant pockets of Guinea worm (1542 cases 
reported from 114 villages in 1993). 
The experience from Cameroon also argues against rapid eradication. infected 
villages from the endemic region in Mara District have consistently reported 
cases since 1986. During several years this area was neglected because of its 
isolation. However, since 1988 there has been a coordinated intensive effort 
involving both the local health agency and many international agencies. The 
WHO Collaborating Centre at CDC, VBC, Peace Corps and UNICEF have all 
participated since 1988 in the effort to eradicate the disease from this small 
region. Cases have gone from 752 in 1988 to 127 in 1992. 
The information from India seems to confirm these African experiences. The 
SWACH programme virtually blanketed all endemic regions with either 
boreholes equipped with handpumps or improved existing step wells. Although 
there has been a constant decrease in the number of cases, elimination has not 
occurred after 11 years intervention. 
Discussion: Although Guinea worm has been eliminated from Uzbekistan 
(Litvinov, 1991), Iran (Sahba et at, 1973) and probably Pakistan (Kappus et al., 
1991) these have all been low endemic regions with a higher level of 
development than most endemic regions in Africa. Guinea worm seems to have 
disappeared from many other areas without elimination programmes (Muller, 
1971a). There are anecdotal reports and studies describing elimination of 
Guinea worm from one or a few villages (Edungbola and Watts, 1990; Foly 
and Caudell, 1987; Gbary et at, 1987) but these reports cannot be 
236 
generalised. There is as of 1 January 1994 no area in Africa that was highly 
endemic that has been made Guinea worm free. Besides the difficulties 
discussed in Section 7.2, water supply provision is not and cannot be 100% 
effective in the short term because it involves the choice between alternative 
water supplies rather than the obligatory substitution of improved water. In 
addition there are programme difficulties that have appeared. 
In North Zou, the number of cases decreased by 4497 cases (47%) from 
1988/89 to 1989/90. The results of the analyses to determine the impact of 
each intervention can be used to determine the total impact of all interventions. 
There was a difference of 446 cases in villages receiving water of which 221 
can be attributed to the intervention (Section 7.4.1), 698 of the 1915 difference 
in villages with existing water supply (Section 7.4.1) and 222 of the 669 
reduction in villages with hygiene education (Section 7.4.2). The total reduction 
in cases that can be attributed to the effect of interventions is 1141. This is 
only 25% of the reduction in this area. Of the 47% reduction in the number of 
cases, 35% was not due to interventions. 
An examination of the records of Guinea worm from other countries (Figure 9.2 
in Section 9.4 shows a decline in cases in most countries with surveillance of 
about 35% per year. Most of these decreases cannot be shown to result from 
interventions. Records are not available to learn if this decrease is cyclical or 
permanent. 
Usually surveillance is the responsibility of the health department while water 
supply is the responsibility of a different technical ministry. At best there are 
delays and misunderstandings in the exchange of information. It has been 
noted that surveillance of smallpox improved dramatically only when it was tied 
directly to programme interventions (Foege et al., 1975; Henderson, 1985). 
Surveillance and water supply have not been integrated in the Guinea worm 
programme. Another problem that arises is that in water supply programmes 
health education is usually not an integral part of water supply. While 
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acknowledged by most technicians as important, it is neither understood nor 
adopted and remains a side issue in the programme. 
Conclusion: There is no example showing the feasibility of eradication from 
a heavily endemic area using water supply or any other method. 
Conclusions of Section 7.5 
In this section, the reduction of Guinea worm due to improved water supply was 
measured as about 50%. Improved water reduced cases in neighbouring 
villages up to a radius of about 3 kilometres from the water point. Improved 
water supply had some effect on the number of infected villages. There was 
a 20% reduction measured in North Zou but this did not appear in the year 
following intervention. Because the effect of water supply is to reduce the 
number of cases but not eliminate it, the possibility of elimination from an area 
is low. The final section looked at the impact of elimination efforts and 
observed that even after years of intensive effort, Guinea worm has not yet 
been eliminated from any area of Africa. 
7.6 CONCLUSIONS 
The main thrust of this chapter has been to investigate the use of the search 
and destroy method of eradication and particularly the "surveillance- 
containment" strategy developed during the eradication of smallpox for the 
eradication of Guinea worm. In order for water supply interventions to be 
targeted for maximum effect, Guinea worm must be geographically focused in 
a limited number of areas and villages. Because of the time delay inherent in 
water supply infected areas must be predictable based on past cases. 
In the previous chapter it was seen that during a year, the range of infected 
areas was limited and only about 5% of all villages were infected. However it 
was shown in Hypothesis 1 that the foci of Guinea worm transmission were not 
geographically static either by number of cases or by infected village. The 
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number of cases in a village could not be used to predict the number of cases 
in that village during the next year. About 20% of the cases in an endemic area 
are from villages that did not report cases the previous year (Hypothesis 2). 
About 20% of the villages that report cases one year do not report cases the 
following year. In Hypothesis 4 it was seen that about 10% of areas reporting 
cases during a year did not previously report cases. A strategy that focuses 
on supplying water to infected villages will reach many villages that are not 
infected and not reach all infected villages. This misfocus is aggravated when 
water supply provision to an area takes several years. 
Sections 7.4 and 7.5 examined the effectiveness of water supply with hygiene 
education as the containment part of the surveillance-containment strategy. It 
was seen that water supply reduces incidence by about 50%. This is lower 
than the 100% theoretical reduction and the 70-80% reduction measured by 
others. The difference with earlier studies is due to confounding by village size. 
It was found that the effect of improved water supply was found outside the 
village up to about five kilometres. Although water supply reduces the number 
of cases it eliminates Guinea worm in at most 20% of villages supplied. With 
the low level of success of water supply in eliminating Guinea worm, it would 
be expected that attempts to eliminate it from highly infected areas do not 
succeed. 
In theory it is possible to supply safe drinking water within a few years to all 
villages that have reported cases. The clustering of endemic villages into a 
small number of areas could lead to political problems in implementation. 
Because a case search identifies past transmission sites, water supply to all 
villages that reported cases during one year is not sufficient for eradication. 
The surveillance-containment strategy has not been shown to be effective 
anywhere in Africa. This analysis has shown that surveillance-containment 
based on water supply cannot be an effective eradication strategy for Guinea 
worm because neither surveillance nor containment is more than 50% effective. 
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CHAPTER 8 
WATER SUPPLY INTERVENTIONS 
8.1 INTRODUCTION 
In the previous chapter the distribution and evolution of Guinea worm with and 
without water supply intervention were examined. This chapter examines 
possible supply interventions including villages to be targeted, type of water 
supply, factors that limit the effectiveness of water supply provision and how to 
improve the effectiveness. 
Water supply needs for Nigeria are calculated in Section 8.2. Water supply 
options for small or medium sized villages are presented in Section 8.3. Rain 
water harvesting is presented first. The seasonal cycles of rainfall and Guinea 
worm are used to predict storage needs and calculate the effectiveness of rain 
water harvesting. Ground water extraction is the most common form of 
improved water supply. Protection of surface water supply is usually the least 
expensive and sometimes the only option for a community. Even without 
community action a household can improve its water supply. Whereas some 
options can be scaled up to meet the needs of large villages or small towns, 
their water supply needs are often more complex and thus more expensive per 
capita than for smaller villages. These options are not examined in this study. 
lt was noted in Section 7.4 that the impact of water supply was significantly less 
than 100%. Reasons for this discrepancy are examined in Section 8.5. Both 
social factors such as taste, accessibility and habit or technical problems of 
maintenance are examined. The probable solutions to these problems, better 
hygiene education and community mobilisation are discussed in Section 7.6. 
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8.2 WATER SUPPLY REQUIREMENTS IN NIGERIA 
The number of endemic villages in Nigeria without a safe' drinking water supply 
was 4212 in 1989/90 and 3582 in 1990/91. The total cost of water supply to 
all infected villages is £23 million. In a country as large as Nigeria, this is not 
an excessive amount although unlikely to be allocated specifically for Guinea 
worm eradication during one or two years. Because Guinea worm is highly 
clustered both at state and LGA level (Section 6.2.1), a few states and within 
states a small number of LGAs contain most of the endemic villages. 
In Hypothesis 5, it was shown that disappearance of the worm is related to the 
number of cases in the previous year. Table 8.1 shows the number of villages 
without adequate safe water at different levels of cases. Of the 3582 villages 
that reported cases without adequate safe water, 1597 had more than 25 
cases, 979 had more than 50 cases and 483 had more than 100 cases. 
Improved water supply in these instances would cost £20 million, £9 million, 
£5 million, or £3 million. 
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TABLE 8.1: INFECTED VILLAGES (1990/91) IN NIGERIA WITHOUT SAFE 
DRINKING WATER SUPPLY 
State Infected Number of Villages without Water Supply by 
Villages Number of Cases 
>0 cases >25 >50 cases >100 
cases cases 
Abuja 11 7 0 0 0 
Abia 196 151 94 67 36 
Adamawa 20 17 9 2 0 
Akwa lbom 0 0 0 0 0 
Anambra 0 0 0 0 0 
Bauchi 216 158 53 28 17 
Benue 236 215 172 130 89 
Borno 78 73 21 8 3 
Cross River 65 63 29 22 11 
Delta 50 39 9 5 1 
Edo 17 17 8 3 3 
Enugu 1025 697 405 224 92 
Imo 5 4 0 0 0 
Jigawa 216 149 28 10 3 
Kaduna 0 0 0 0 0 
Kano 59 41 26 17 11 
Katsina 276 226 110 57 21 
Kebbi 104 82 51 36 16 
Kogi 76 62 11 2 0 
Kwara 284 207 37 15 4 
Lagos 0 0 0 0 0 
Niger 301 208 
. 
100 64 25 
Ogun 80 72 19 5 0 
Ondo 367 330 179 111 53 
Osun 123 107 8 3 0 
Oyo 334 304 30 12 3 
Plateau 37 34 27 20 13 
Rivers 15 11 0 0 0 
Sokoto 509 270 157 121 76 
Taraba 8 4 0 0 0 
Yobe 36 34 20 17 6 
Total: 4744 3582 1597 979 483 
Infected villages from 1990/91 National Case Search 
In Section 7.2, it was shown that water supply to identified infected villages will 
not reach all infected villages. It is also very difficult politically to deny water 
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supply to certain villages that did not report cases. Table 8.2 shows the water 
supply requirements to all rural villages in endemic LGAs. Water supply 
provision is not the most effective strategy at low levels of cases. Water supply 
needs are calculated for LGAs with >0, >100, and >1000 cases. At a cost of 
£4000 per system, water supply in the three cases would cost £87 million, £52 
million or £21 million. It is 25% less expensive to supply water to all rural 
villages in the most endemic (>1000 cases) LGAs, than to supply water to all 
infected villages. 
TABLE 8.2: WATER SUPPLY NEED FOR FULL COVERAGE IN INFECTED 
LGAS BY NUMBER OF CASES 
State 
LGAs LGAs' by Number of Cases Water Supply Need2 by Number 
of Cases 
(pre-1991) -7 
>0 >100 >1000 >0 >100 >1000 
Abuja 4 3 0 0 40 0 0 
Akwa Ibom 24 0 0 0 0 0 0 
Anambra 35 10 10 8 1052 1052 842 
Bauchi 23 19 13 4 2045 1399 430 
Bendel 33 10 2 0 891 178 0 
Benue 18 8 7 4 978 856 489 
Borno 34 11 5 0 1119 509 0 
Cross River 14 7 4 0 438 250 0 
Gongola 28 6 1 0 174 29 0 
Imo 38 13 5 2 433 167 67 
Kaduna 18 0 0 0 0 0 0 
Kano 55 33 16 3 3486 1690 317 
Katsina 26 20 13 5 1925 1252 481 
Kwara 28 22 11 1 179 90 8 
Lagos 15 0 0 0 0 0 0 
Niger 19 17 11 5 1764 1142 519 
Ogun 15 8 3 385 144 0 
Ondo 26 26 18 7 1402 971 377 
Oyo 48 48 34 12 1506 532 0 
Plateau 22 5 3 1 367 220 73 
Rivers 24 3 0 0 180 0 0 
Sokoto 45 36 26 18 3440 2984 1720 
Total: 592 291 160 58 21804 12965 5323 
1. Infected LGAs from 1990/91 National Case Search 
2. Water Supply Needs one system for 500 people 
243 
The goal of universal water supply coverage is still distant in Nigeria. Table 8.3 
derived from calculations in the Draft Sector Strategy and Action Plan (FGN 
and World Bank, 1991) and the results of the 1990 census show the rural 
water supply needs by states. Needs are based on the rural population in 
1991. To supply water to all rural villages in Nigeria would cost £ 185 million. 
This is based on the rural population in 1991 that is growing at about 3% per 
year. The calculations were made based on the pre-1991 division of states. 
TABLE 8.3: RURAL WATER SUPPLY NEEDS FOR FULL COVERAGE IN 
NIGERIA - OFFICIAL FIGURES FOR 1991 
State 
(Pre-1991) 
Population 
density' 
Total - 
Population2 
Existing 
Handpumps' 
Rural 
Population 
<5000 
Water 
supply 
Needs 
Abuja M 0.4 200 0.13 53 
Abia M 2.4 350 0.79 1222 
Anambra M 5.9 266 1.97 3683 
Bauchi L 4.3 1815 2.15 2475 
Bendel M 4.7 210 . 58 2940 Benue M 3.8 350 1.28 2201 
Borno L 4.0 550 2.01 3460 
Cross River M 1.9 369 0.62 876 
Gongola M 3.6 1585 1.20 813 
Imo H 4.8 650 0.96 1266 
Kaduna L 4.0 1033 1.99 2937 
Kano L 8.5 2650 4.23 5810 
Katsina L 3.9 1377 1.94 2503 
Kwara M 2.6 1517 0.87 228 
Lagos H 5.7 0 1.14 2276 
Niger L 2.5 508 1.24 1972 
Ogun H 2.3 214 0.47 722 
Ondo H 3.9 150 0.78 1402 
Oyo H 5.7 150 1.14 2126 
Plateau M 3.3 570 1.09 1614 
Rivers H 4.0 150 0.80 1442 
Sokoto L 6.5 2150 3.23 4300 
Total: 88.5 16814 31.57 46321 
1. Source: Ministry of Agriculture, Water Supply and Rural Development 
and World Bank, 1991. L= Low; M= Medium; H= High 
2. Source: National Population Commission, 1991 
3. Water supply need =1 system for 500 people 
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Currently rural water supply projects are in operation in most of the highly 
endemic areas of Nigeria. Projects with financing from UNICEF, JICA, CUSO, 
UNDP and the EEC are targeted to Guinea worm endemic areas. These rural 
water supply programmes provide water almost exclusively by boreholes 
equipped with hand pumps. These projects cannot provide water to all villages . 
using conventional borehole drilling at current rates of construction. Handpump 
equipped boreholes are useful mainly for villages with populations between 200 
and 1500, but 35% of the infected villages without safe water are outside this 
range. The following section examines water supply options. 
8.3 WATER SUPPLY OPTIONS 
Boreholes have been a standard method of assuring water supply provision in 
rural areas. There are other technologies that can be widely applied to provide 
safe water. In this section water supply options for Guinea worm villages are 
examined. 
8.3.1 Rain Water Harvesting 
Rain water is pure and when collected and stored hygienically is suitable for 
drinking without treatment. Rain catchments have been constructed since 
ancient times. To harvest rain requires the catchment and storage. The 
amount of water that can be harvested depends on the rainfall pattern, the size, 
slope and impermeability of the catchment. 
Rainwater harvesting is feasible either as a main source of water or an 
additional source wherever rain falls in storms or large quantities. If the 
purpose of rainwater harvesting is to avoid Guinea worm disease, the volume 
of storage only needs to be sufficient to meet the drinking water needs during 
the transmission period. 
It may seem paradoxical, but in semi-arid areas where rainwater harvesting is 
the least productive, its potential for reducing Guinea worm is great, because 
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transmission usually occurs only during the rainy season. In wetter areas, the 
possibilities for year round use of rain water for drinking are greater. In some 
areas where rain falls during eight or more months, the water storage 
requirements are small. Rain can be harvested either from roofs or from the 
ground. Usually community systems are on the ground while families use roof 
rain catchments. 
Ground Rain Water Catchment 
For a large system rainfall should be predictable. The best natural collection 
surfaces are smooth sloping surfaces of impermeable rock or of compacted 
soils with high clay content. The proportion of runoff that can be collected from 
a catchment depends on the nature and slope of the land. Natural land 
catchments rarely collect more than 30% of rainfall, but can be improved to 
between 50% and 80% by removing vegetation, adding cement, lime, or clay 
and smoothing and compacting the soil. Rock catchments can be improved by 
removing soil and filling open joints with clay or cement (Pacey and Cullis, 
1986). Where the ground is permeable, an artificial surface can be constructed 
but will be more expensive. 
The size of catchments and the associated storage can be calculated using 
rainfall curves and measurements of water need. The quality of water entering 
the storage can be improved by passing the water through a sedimentation 
pond, silt trap, or a gravel or sand filter all of which require maintenance. 
Storage tanks are the more expensive part of rainwater harvesting. Ponds are 
widely used for storage but without proper precautions, they are a prime source 
of Guinea worm. The three main construction materials for large water storage 
tanks in order by cost are: reinforced concrete, ferrocement and unreinforced 
cement mortar. Reinforced concrete is a standard construction material that 
can be used in most cases. Reinforced concrete tanks are the most expensive. 
Ferrocement is used for above ground tanks and those below or partly below 
ground. There are many ferrocement tank designs and many thousands of 
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tanks are in use in Thailand and Kenya. Above-ground tanks capacities can 
be up to about 50 m3, and have the advantage of allowing a-tap for hygienic 
water withdrawal. Below ground ferrocement storage tanks can be bigger than 
50 m3, but require a system for the withdrawal of water (Watt, 1978). 
Below ground tanks can be constructed of unreinforced cement mortar. Lined 
excavations with capacities of up to 10 m3 are used in Togo and up to 8 m3 in 
Tanzania (Skinner, 1993). Since the mortar is not reinforced, the risks of 
cracking are high unless the soil is firm. Unreinforced mortar linings are less 
expensive, but more breakable than ferrocement. 
Ground rain catchment provides additional water of reasonable quality at low 
cost to the community. Community catchment systems require community 
planning and organisation and often outside financial and technical assistance. 
Unfortunately catchments serving more than one family do not always work in 
practice. Stored water is soon used up because people tend to use rainwater 
for all purposes not only drinking. In Nigeria, the most successful systems have 
been installed at schools and health centres where use can be controlled. 
Roof Rain Catchment 
Engineering analyses can use monthly rainfall patterns over past years, the 
runoff coefficient and the plan area of the roof to design the most efficient 
combination of guttering and storage for anticipated water needs. In practice, 
most households will size systems based on experience and what they can 
afford. In practice this usually means at first some guttering around the roof 
and a 200 litre barrel. Later if the householder is convinced of the advantages 
of rainwater collection more capacity is added. 
Tiled sheet roofs or corrugated iron roofs are excellent catchment surfaces. 
Cement/mud roofs can also be used. Thatched roofs are not, suitable for 
catchment although the author has seen rain catchment from thatch covered 
with plastic in Southwest Nigeria. 
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Gutters are made from locally available materials such as corrugated iron, 
galvanized steel sheet or PVC (often plastic pipe cut in half). Gutters are fixed 
either to the roof overhang or to the wall. Horizontal timbers or vertical poles 
are sometimes used to support the gutter over large spans. Water can be 
funnelled but it more often drops into the storage container. When multiple 
containers are used they are rarely moved when full since it is easier to move 
or change the angle of the gutter. 
Roof rain catchment is a low capital cost method of having clean water readily 
accessible with little initial labour. It saves much time spent collecting water. 
With rainwater captured from the roof of the user's house, the storage is 
conveniently placed. The level of bacterial contamination from roofs is usually 
low and poses much less of a health risk than pond water. Where bird 
droppings are a problem a first flush system can be incorporated. 
The main disadvantage of exclusive reliance on rainwater is the need to store 
water for consumption during periods when there is no rain. If only water for 
drinking purposes is stored and traditional sources are used for other purposes, 
the volume of storage is greatly reduced. Rainwater is free of minerals and has 
a different taste from groundwater or surface water. The lack of taste is 
sometimes a block to wider utilisation for drinking water and leads to the 
opposite situation, where rainwater is used for domestic purposes while pond 
water serves as the primary drinking water source. 
The greater the number of rain months, the less storage is required for year 
round usage. Figure 8.1 shows the number of rain months in West Africa. 
Table 8.4 shows the rainfall per month in the most endemic areas of Nigeria 
(Federal Surveys, 1974). The amount of rainwater that can be collected each 
month can be calculated from the rainfall data and an estimate of the size of 
a roof. The drinking water requirements for the household can be calculated 
from individual needs and the number of people per household. Estimates of 
the storage requirements have been calculated for a household (10 people) 
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from the cumulative shortfall between demand and supply in Table 8.5 with the 
peak Guinea worm seasons in italics. 
With an average roof size of 30 m2 and a runoff coefficient of 80% each mm 
of rainfall will allow 24 litres to be collected. Assuming that drinking 
requirements are 5 litres per person and that there are 10 people per 
household then household needs are 1500 I/month or 63 mm of rainfall per 
month. 
In the northern endemic regions around Kano and Sokoto where annual rainfall 
is low, transmission is during the rainy season. Roof rain collection by a 
household avoids the problems of community organisation, cooperation and 
technical expertise. As such there are no inherent barriers to the rapid 
expansion of its use. In small villages that are unlikely to receive a borehole 
or a dug well, it is an affordable way for a household to obtain a safe water 
supply. 
8.3.2 Groundwater 
Groundwater is usually bacteriologically clean unless there is a nearby source 
of contamination. Groundwater is always free from Guinea worm since there 
is no contact between man and the water while it is underground. Except 
springs where groundwater comes out of the ground, the exploitation of 
groundwater requires making a hole to reach it. There are different levels of 
mechanisation in reaching the groundwater. 
Machine Drilled Boreholes 
Handpump equipped boreholes have become a standard method of water 
supply in rural areas in much of the developing world. Drilling equipment 
ranges from very light drill rigs that can be mounted on a pickup truck to very 
heavy rigs able to drill large diameter boreholes to great depths. 
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Boreholes that give a yield of at least 600 litres per hour with the static water 
level at less than 50 metres can be equipped with a handpump to serve as 
water supply for a village. The diameter of handpumps is usually 3.5" or less 
and the finished borehole must be larger. It is also possible to buy electric 
submersible pumps 3.5" or less in diameter. Vertical turbine pumps and larger 
submersible pumps (for a larger output) require larger diameter boreholes. The 
diameter of the borehole does not affect the output and extra storage in a 
larger diameter borehole is small. 
Initial equipment costs can be high especially when transport and a workshop 
are included. The price of a borehole depends on the fixed costs; the more 
boreholes drilled per rig, the lower the unit cost. Between 100 and 150 
boreholes can be drilled per rig per year. This rate was maintained during 
operations in North Zou. Although this rate was met several times in Kwara 
state, maintenance, procurement and other operational problems kept the 
average output to 70 boreholes per year. Other programmes on which the 
author was involved in Nigeria had similar rates and problems. Operational 
costs vary a great deal within and between countries and the price per borehole 
equipped with a handpump varies between £2000 and £7000. 
Large villages and small towns (population > 5000) can be served with an 
electrical or motorised pump in a borehole, storage tank(s) and standposts. 
With the wide availability of electricity and the low cost of fuel, this is an 
economically realistic option in much of Nigeria. 
Borehole drilling for handpumps is widely applicable in Nigeria. Figure 8.2 is 
a drill rig zonation map for Nigeria that shows the optimal choice of drill rig size. 
Selection of the proper sized rig maximises efficacy. An overlay of this map on 
the maps of cases in 1990/91 and population shows the applicability of different 
size rigs to water supply coverage and water supply coverage for Guinea worm 
control as shown in Table 8.6. It shows that 67% of the population with 70% 
of the cases of Guinea worm can be supplied with light rigs. The high costs, 
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TABLE 8.6: POPULATION AND GUINEA WORM CASES BY DRILL RIG 
SIZE 
Drill rig size Population Cases % 
Population 
% Cases 
Manual 20,213,173 1349 22.9 0.5 
Light 39,168,392 186902 44.3 69.7 
Medium 18,443,080 59552 20.8 22.2 
Medium Large 8,204,336 18171 9.3 6.8 
Large 2,429,135 2357 2.7 0.9 
especially the high initial costs, and the technical sophistication necessary, 
make it difficult to scale up this method rapidly. 
Hand Drilled Tubewells 
In soft and unconsolidated formations, the power necessary to cut a tubewell 
can be provided manually. There are three types of manual operation: drilling, 
jetting and auguring. 
Manual drilling is mirrored after the conventional hydraulic rotary method that 
operates continuously with a hollow rotating bit through which a mixture of 
drilling mud and water is pumped into the ground. The materials loosened by 
the bit are carried upward in the hole by the rising mud. These settle out in the 
settling pit while clean mud is pumped back into the hole. Downward cutting of 
the ground is achieved by the rotational effect of the handle assembly attached 
to a drilling rod controlled by the operators. The author has worked on a 
project that constructed manual tripod rigs that are easily transported and 
assembled and can drill to 70 metres in the proper ground conditions. Seventy 
positive wells were drilled during this pilot programme in Imo state in Nigeria. 
Jetted tubewells can be sunk in sandy' aquifers. A jet of water cuts through 
sand allowing a casing and screen to be installed. Jetted wells are among the 
cheapest and fastest tubewells. Equipment needs are less than the manual rigs 
described above: a pump with pressure hose, pipe and nozzle (Carter, 1985). 
This technique is limited to sandy ground. 
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Augured tubewells are also feasible in soft soils. The equipment is simply a 
tripod mechanism, connecting rods and a screw type augur bit. The hole is 
deepened by screwing the bit into the ground and then pulling it out and 
emptying it. Although augurs are inexpensive, their use at depths greater than 
fifteen meters is tedious due to the need to extract the entire rod and bit 
assembly after each penetration. 
Hand drilled tubewells are only possible in alluvial deposits. Tubewells can be 
situated near river beds (in flat ground it is probable that the river has wandered 
a great deal and so "near" can be several kilometres). Manual rigs can also be 
used in most deltas and many river valleys. 
As shown in Table 8.6 this method has great applicability in improving water 
supply coverage at low cost in Nigeria because 23% of the people live in areas 
where manual drilling is feasible. Only 0.5% of Guinea worm cases occur in 
these areas. The low applicability of manual drilling to Guinea worm prevention 
is probably true throughout Africa for the reasons discussed in Section 6.5.2. 
Hand Dug Wells 
Hand dug wells are the oldest method of artificially extracting groundwater. 
They are common in many rural areas. Water can be drawn by a variety of 
means from hand dug holes. Typically it is extracted by using a bucket on a 
rope. 
Digging wells by hand is difficult and extraction tedious at more than 30 metres, 
although wells 60 meters or more have been dug in certain areas. Digging by 
hand is a labour intensive activity and is difficult in hard rock. Many artisans 
dig wells with a minimum of equipment. The equipment necessary to dig a high 
quality well efficiently includes a hoist to raise and lower people and materials, 
digging tools, means of constructing the lining and a pump or other system to 
remove water during construction. Wells are usually less expensive than 
boreholes and require less capital equipment (Watt and Wood, 1976). 
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Wells do not require pumps for operation thus making the system less subject 
to breakdown in areas where maintenance is a problem. Pumps including 
vertical turbine pumps can be installed on those with sufficient output and 
storage as the author did in 1985-87 in Kairouan, Tunisia in a Unicef assisted 
water supply programme. The community can take a major role in well 
construction. This nurtures local ownership that will enhance the probability of 
commitment to maintain the facilities. Communities without a serious 
commitment are less likely to attempt a hand dug well project. 
It should be noted that water supply provision in rural Africa often started with 
the provision of wells. During the IDWSSD there was a large move away from 
wells which were considered unsatisfactory for water quality and level of 
service. Machine drilled boreholes were stressed by national and international 
water agencies. This often resulted in wells not being considered a viable 
source of drinking water and duplication of service with boreholes put close to 
existing wells. 
Because the water table can vary from season to season and year to year, the 
well can dry up unless it is constructed deep enough into the aquifer. This 
happens often if the team digging the well works during the rainy season or do 
not have a pump to remove water from the well during construction and 
equipment to penetrate deep enough. Existing wells that dry up can often be 
made perennial by rehabilitation and deepening. 
The capital investment to start a well digging team is low. Training 
requirements are moderate. It is possible to expand this method a great deal. 
The major drawback is the time, usually two or three months, necessary to 
construct a well. This problem is lessened if most households or communities 
construct their own wells. It is possible that after construction of the well no 
water will be found which wastes time and money and can disillusion the 
community and preclude further cooperation with the community. The 
proportion of positive wells could be increased by using geophysics to site 
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implantations. Many states have underutilised capacity and equipment that are 
currently used only for drilled wells. 
Spring Protection 
A spring occurs where the groundwater table intersects the surface. This occurs 
mainly in hilly or mountainous terrain. The groundwater that comes out is 
usually pure. However springs only occur in certain areas and the yield from the 
spring might be highly variable during the year. A spring box should be 
constructed to prevent the formation of a pond that can become a transmission 
point. Simple spring protection boxes can be constructed by a mason with a 
minimum of construction equipment using local materials, some pipe and a few 
bags of cement (Skinner, 1992). For large springs occurring at higher 
elevations than settlements it is possible to collect the water and install a 
gravity piping system as was done in the WATSAN project in Adamawa state. 
With reticulated systems the assistance of an engineer is desirable. 
Maintenance is minimal consisting of cleaning out sediment and rare repairs to 
the concrete. Spring water is sought in the western world because of its taste. 
A similar preference has not always been shown in rural Africa. 
This is a good method of water supply but mostly applicable in low population 
density regions where water supply is not much of a problem and Guinea worm 
endemicity is not high. 
8.3.3 Surface Water 
Surface water is the most usual source of water in the world. In the developed 
world, water in reservoirs is usually protected from interaction with man and 
surface water is usually treated before use. Close contact with man will quickly 
contaminate surface water not only with Guinea worm larvae but also with other 
pathogens. As discussed in Section 3.3 Guinea worm transmission is usually 
from stagnant ponds. 
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Pond Protection 
Guinea worm larvae can be prevented from entering the water by preventing 
people infected with Guinea worm from contacting the water. Contact with 
people and animals is also likely to add faecal contaminants. Two simple 
improvements to a pond are fencing and steepening the sides. These both 
impede entrance and the latter will also increase the capacity. Fences for 
ponds should be dense or made from thorns to minimize gaps through which 
people or animals can pass (IRC, 1988b). Pond protection can be used with 
various forms of treatment to improve the quality of water. Restricting access 
only works if the whole community understands and accepts the importance of 
following the rule. Uninfected people need to be willing to draw water for those 
who are suffering from Guinea worm. Reports from Ghana (Bugri, unpublished 
1992) indicate that where such pond protection practices are used, they make 
a major contribution to the reduction in transmission of Guinea worm disease. 
Unfortunately only marginal improvement in other aspects of water quality and 
quantity is possible. 
With steep sides it is often possible to construct an overhanging platform, or 
vertically walled abutment from which users draw water using a bucket and 
rope or other container to avoid the need to enter the water. Steepening the 
sides will increase the size of the pond and decrease the evaporation losses 
by reducing the surface area per unit volume. Fixed platforms may be suitable 
if the water level of the source does not vary by a large amount during the 
year. 
This method is only applicable where there are only one or two ponds in use 
by the village. This is more often the case in the northern drier regions where 
large natural or artificial ponds serve as water supply. A possible problem in 
these areas is that water for the livestock is often considered as important as 
drinking water for people. A major problem with reliance on this method is the 
need to recognise Guinea worm before eruption of the blister. As discussed 
in Section 3.2 the first ejection of larvae ejects most larvae. Commonly the 
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worm is not detected before eruption. This is especially true for someone who 
has not had Guinea worm previously (Ilegbodu et al., 1991). 
Water Point Infiltration 
As water passes through granular material, suspended solids including 
copepods are considerably reduced due to settlement, straining and absorption. 
Digging a collection well or drilling a tubewell near the banks of a stream or 
river or near a pond in permeable ground is often a cheap and simple way to 
improve water supply. Water is filtered naturally and impurities removed as it 
passes through sand. The purification depends on the type of soil and the 
distance of the collection well from the surface water. The well not only exploits 
groundwater but also collects infiltrating surface water. Many surface water 
infiltration systems continue to yield water even after none is visible, because 
infiltrated surface water is often still present below the bed of the pond or river 
(Rajagoplan and Shiftman, 1974). 
Different infiltration methods are applicable to the four main sources of Guinea 
worm transmission: 
1. Ponds with clay sides can be fitted with filtration systems that use pipes 
or trenches filled with sand and gravel to allow water to be drawn from 
outside a fenced area. The pond can be enlarged during the installation 
of an infiltration system when the ground is clay. Artificial ponds in 
Sokoto have been fitted with these systems during construction and the 
author has examined a number of hafirs in Sudan with such systems. 
2. Collection walls can be dug near ponds with permeable sides. These 
collection wells will usually tap the same water source but produce better 
quality water. 
3. Most pools in dried up river beds are too ephemeral to deal with directly. 
Infiltration trenches can be built in the river bed and sited near annual 
pools. In Section 6.3.3, evidence was presented that people living near 
rivers rely on pools and ponds for water rather than water taken directly 
from the river. 
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4. Dam reservoirs in their natural state are often leading sites for Guinea 
worm transmission. When they are elevated, it is usually straightforward 
to construct a sand filter by gravity flow through a buried pipe or siphon. 
After passing through the filter, the water can flow into a storage tank. 
Low lying reservoirs can be treated as the first case. 
Pond infiltration systems become blocked by the solids that are filtered out of 
the water. Periodic cleaning and replacement of the top layers of sand and 
gravel are required during each dry season. Artificial filters are more prone to 
blockage than natural filtering because they will have a smaller area in contact 
with the water. 
Infiltration is a low cost improvement of water quality. Although infiltration 
systems that capture water in permeable ground produce more water, systems 
in impermeable ground only produce cleaner water. Water point infiltration is 
simple in theory and easy to apply. It sometimes requires technical engineering 
assistance from outside the community. Building infiltration systems for existing 
natural ponds may often be impractical. However most transmission points are 
artificially created (Cairncross, 1993) and infiltration systems can be retrofitted 
during dry periods. Infiltration should be part of all new systems constructed 
especially those financed by the World Bank and other organisations involved 
in Guinea worm eradication. 
8.3.4 Household Water 
Based on systems in the developed world, it is often assumed that water 
treatment and storage must take place at the community level. Good quality 
water is expected to be available in the quantity needed. This is not possible 
in most areas of rural Africa (nor in most urban areas). There are many 
possibilities for home treatment and storage of water. 
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Household Water Treatment 
The sophistication of modern treatment plants comes from automating and 
monitoring treatment and handling large volumes of water. However, treatment 
as the following simple six stage recipe is within the reach of most families. 
1. Collect the cleanest water possible. 
2. Strain out floating matter. 
3. Settle out suspended matter. 
4. Filter the water. 
5. Treat to kill any remaining pathogens. 
6. Improve taste and colour as necessary. 
Sedimentation combined with straining of pond water through a strainer will 
remove most of the large solids including infected cyclops. The use of alum 
(aluminum sulphate) or moringa seeds (Coghlan, 1991) will help to settle out 
suspended matter so that clear water can be decanted. 
The use of strainers or small sand filters for treatment of water for an individual 
family is relatively simple. Strainers or domestic sand filters will exclude 
infected copepods. Domestic sand filters will not usually produce bacterially 
pure water. Home treatment requires extra work for women who are usually 
already overworked and does not provide extra water. 
Several filter designs are available, including downward flow through a filter to 
a cistern, upward flow (Childers and Claasen, 1987), two pot and three pot 
systems. Designs are often based on the use of old 200 litre drums, large clay 
pots or cement mortar jars. For large vessels, provisions must be made for 
emptying the sand for cleaning or replacement. 
The most common manufactured domestic water filter is the ceramic candle 
type. There is a reservoir for untreated water that filters through a pottery filter 
into a second reservoir from which it is drawn off through a tap. The reservoirs 
and all fittings are made of stainless steel and the filter element is fitted with a 
stainless steel attachment. Filters of this design imported from Europe cost 
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E20-E50. However, the principle is straightforward and if the reservoirs are 
made of pottery, the tap of plastic and the filter element locally produced it is 
possible to reduce the price. Such low cost filters are common in low income 
households in Brazil. 
Chlorine will kill pathogens in water. Chlorination is most effective after most of 
the organic materials have been removed through sedimentation and/or 
filtration. Residual chlorine will continue to be effective for several days. 
Chlorine is usually widely available as liquid or powered bleach. Most people 
object to the taste of water highly dosed with chlorine. The taste disappears if 
water is stored for a few days. 
A variety of materials are available for the construction of tanks or vessels for 
storage either above ground or below ground. Clay and pottery pots are 
common. Other methods are empty 200 litre barrels, cement mortar jars 
(Latham, 1984) and ferrocement tanks. If the storage system is fitted with a tap 
or other hygienic method of getting water, the water will not be further 
contaminated. While storage of water alone will not produce more or cleaner 
water, it allows clean water to be available for a longer period. Combined with 
rain catchment, or collection of water from clean sources, it is an effective way 
of ensuring a continual supply of drinking water. In addition it removes the need 
for daily collection of water. This means that illnesses or other emergencies do 
not disrupt the usual water supply. 
8.3.5 Conclusions 
Ten water supply options were examined in this section. A synopsis of each 
method, including the physical conditions where it can be used, level of 
equipment and skills necessary, maintenance requirements and the advantages 
and disadvantages of each method are given in Table 8.7. 
The section suggests that household roof rainwater harvesting is the method 
that can be rapidly expanded and replicated to have a large impact. In many 
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small villages this is the most realistic option. Ground water exploitation can 
be marginally improved. Well digging can be made more effective by using 
geophysical techniques to choose sites. Geophysical and geological 
implantations could easily be done by existing services. Although manual 
drilling has great promise for water coverage, it is not useful in most Guinea 
worm endemic areas. Protection of surface water and infiltration systems is 
useful in certain situations and all newly constructed artificial ponds should be 
fitted with infiltration systems at the time of construction. However, the 
applicability of these techniques is limited. Household treatment and storage 
can improve the quality over the long term but the level of promotion and 
training necessary to be effective limits its use as an option for Guinea worm 
programmes. 
in general, for small villages, the best available options are household rain 
harvesting, a dug well when construction is easy or pond protection and 
improvement when feasible. For medium sized villages, the best options are 
ground water exploitation by spring capping, borehole or dug well whichever is 
the most readily available. Household roof rain catchment is also an option. 
For large villages and small towns, boreholes or gravity fed systems with 
storage and stand pipes are the preferred option. 
It should be noted that the presence of Guinea worm does not always indicate 
a lack of improved water, many villages that have improved water supply 
continue to have Guinea worm either because existing improved water points 
are not functional or because they are not used. The difference in impact of 
each of these methods on Guinea worm was not investigated due to time 
constraints. The problem of maximising the impact of existing sources is 
examined in the next section. 
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8.4 FACTORS FAVOURING USE OF WATER POINTS 
In Section 7.4 it was shown that the provision of improved water supply has a 
significant but less than 100% impact both in the villages with the improved 
water point and nearby villages. However, improved water supply did not result 
in a major reduction in the number of infected villages. This section examines 
the reasons for the less than 100% effectiveness of improved water supply. 
This section has three parts presenting a theoretical background and then 
examining the social and physical factors that lead to the continued use of 
traditional water sources after the provision of improved water supply. 
8.4.1 Apparent Coverage and Effective Use 
Water supply coverage is most often measured by the number of water points 
multiplied by the theoretical per capita use of the water point divided by the 
population. There is debate over the theoretical per capita use of a water point 
(pump or well) (500,300 and 250) and what is the effective radius (in village, 
3 kilometres, 5 kilometres) of a water point. Neither of these issues is relevant 
to the present discussion. 
This measurement of water supply coverage is only the apparent coverage. As 
the residual of Guinea worm cases in villages with adequate water supply 
shows, health impact is achieved not by apparent coverage but by effective 
use. The maximisation of the effective use and not the apparent coverage 
should be a target of all projects. The ratio effective use to apparent coverage 
can be considered a measurement of the impact of the "software" components 
of water supply. If this ratio is low, there is a problem. As shown in Chapter 6 
this ratio is low (50%) for the areas studied. 
There are several stages between coverage and use. Apparent coverage is 
the initial stage. Of the water points that are constructed some will be 
constructed incorrectly and will not give sufficient clean water. Of the water 
points that are correctly constructed fewer will be accessible to the target 
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population due to many factors including population distribution, water point 
placement and social and cultural factors limiting access. These problems 
should be resolved before construction of the water supply. 
Of the water points that are accessible some will break down and require 
repairs. A broken pump serves no purpose. The time spent out of service 
lowers the effectiveness of the water point directly and by encouraging the use 
of alternative water sources reduces long term usage. Other water points dry 
up and are out of service during much of the Guinea worm season in many 
areas. Of the water points that continually provide safe water not all are used. 
There are several possible reasons for low utilisation of water points. Common 
reasons given are taste, convenience, habit and collection time (either due to 
distance or queuing). When all these problems are resolved the expected 
health impact does not always occur unless the water is used exclusively. 
Even in households that collect water only from a safe water source, members 
often continue to drink from unsafe sources when they are away from home. 
The measurement of the elements that go into effective use of water supply will 
suggest where there are problems and where resources should be allocated. 
Although underlying reasons for lowered performance in some areas might 
apply to several categories (e. g., poor taste leads to low use which leads to 
lack of maintenance) problems in the programme can be diagnosed relatively 
rapidly. Effective project management will try to equalise each indicator by the 
cost of intervention to improve that indicator. Interventions to increase effective 
use not apparent coverage should be maximised. The real benefit of each 
intervention is the impact of intervention divided by the cost per intervention. 
What is often not considered is that by increasing use and exclusive use, 
impact can be more important than increasing apparent coverage: Intervention 
that serves to improve the maintenance system and keeps 5 extra pumps 
functional can be easily seen to be worth as much as 5 extra boreholes. 
267 
It is recognised that the software components are essential to the success of 
a rural water supply project. This method serves to quantify their contribution 
8.4.2 Maintenance 
At the outset of the IDWSSD, it was assumed that governments could and 
would maintain and repair the handpumps that were installed. This worked for 
the first few years when there were few pumps and the projects that had 
installed them were still active. It was quickly learned that a centralized 
maintenance system was not viable in most of Africa for financial, labour and 
logistical reasons. With the introduction of the VLOM (Village Level Operation 
and Maintenance) concept, the onus for maintenance shifted from the 
government to the villagers. The maintenance system is based on the desire 
and ability of the villages concerned to take care of their own pump. The 
purpose of a preliminary phase of sensitisation before providing a borehole is 
to assure that the villagers are ready, willing and able to assure the 
maintenance. 
The type of pump used greatly affects the type of maintenance system 
necessary (and vice versa). A robustly designed pump that requires little 
maintenance is usually not maintainable by villagers. A pump that is easily 
maintainable will often be lighter and require more but easier maintenance. 
Debates about pump design continue among suppliers and rural water supply 
agencies. Often decisions about pump type are made by external support 
agencies based on their own criteria. UNICEF water projects usually use India 
Mark II (or Mark III) pumps, World Bank financed projects use Afridev, EEC 
projects use pumps fabricated in the EEC and many other donors have 
individual preferences. 
The transition from a centrally based to a village-based system has not been 
without problems. During the last five years, many countries have attempted to 
find viable solutions to problems of community management payments, repair 
men and spare parts. Nigeria has been slow to change from centrally managed 
268 
maintenance to community management. This is despite greater availability of 
mechanics and higher level of commerce than in other countries in West Africa. 
A survey of maintenance status of 440 pumps in 12 LGAs in Nigeria was 
carried out in 1992. Results are presented in Table 8.8. 
With less than half the installed pumps functioning, water supply in Nigeria 
cannot be very effective. The survey is not a random survey but was 
conducted in areas where there is a functioning rural water supply project. The 
situation in other parts of Nigeria is worse. 
The maintenance system put in place for the India Mark II in North Zou was 
more effective while the water supply project was active than the systems in 
Nigeria. A three tiered system based on the model system developed in India 
was used in North Zou. 
A villager is chosen or volunteers to be the pump caretaker. His (very rarely 
her) services are not paid by either the project or the government. Sometimes 
the village rewards or remunerates the volunteer. The village pump caretaker 
is trained in basic maintenance tasks such as greasing the chain but also more 
important, in recognizing when a pump needs parts renewal and renovation 
before it stops working. Once the caretaker notifies the committee that the 
pump needs renewal or repair, the local repairman should be contacted. 
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TABLE 8.8: MAINTENANCE STATUS OF HANDPUMPS IN 12 LGAs IN 
NIGERIA 1992 
LGA State Total 
No of 
Pumps 
Functional Non- 
Functional 
% 
Functional 
Abakaliki Enugu 5 2 3 40 
Ezza Enugu 23 17 6 74 
lkwo Enugu 35 29 6 83 
Izzi Enugu 11 6 5 55 
Ohaukwa Enugu 26 19 7 73 
Ohaozara Abia 94 22 72 23 
Afikpo Abia 90 25 65 28 
lbarapa Kwara 13 7 6 54 
Ifelodun Kwara 71 49 22 69 
Irepodun Kwara 20 11 9 55 
Ekiti Kogi 9 5 4 56 
Ifeloju Oyo 14 7 7 50 
Total 411 199 212 48 
Preventive maintenance is rarely sought. The long term effectiveness of village 
volunteers is questionable. Since most measurements of their work take place 
while projects are active and there are various incentives for work it is difficult 
to judge long term effectiveness. 
The repairman is a local artisan, often a bicycle or motorcycle mechanic who 
has been trained by the water programme but who is not paid by either the 
water programme or the government. He is responsible for pumps in fifteen to 
twenty villages in the region surrounding his home. He visits the broken-down 
pump to find out the cause of the problem. If the repair can be fixed with parts 
in his stock, it is repaired immediately. If the repair needs parts not stocked by 
the repairman, he buys the parts at the nearest distribution point. Because of 
the difficulty and cost of transport, minimal travel is essential in assuring speedy 
economical repairs. The pump repairman is paid by the villagers for the repair. 
While in principle, this is supposed to be a free enterprise system, continued 
temporary intervention and price setting by the government usually make it less 
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than free. The repairmen are first trained on site for about a month where they 
install 10 to 15 pumps under the supervision of government teams until they are 
judged able to install and remove a pump without assistance. The second 
phase of their training is a one-week intensive programme with practice in 
recognizing worn parts, repairing breakdowns, performing preventive 
maintenance, taking care of the tools, dealing with the villagers, collecting 
money, and buying spare parts. 
The third tier is the government maintenance department within the Water 
Department. They are supposed to retrain local artisans, carry out difficult 
repairs and ensure that the system is working. Ensuring that the system is 
working means monitoring the number of pumps that are functional, ensuring 
that local artisans do repairs, that spare parts are available and that 
communities manage the maintenance of their pumps. It should be noted that 
it is usually more difficult and expensive to ensure that a village repairs a pump 
than to do it oneself. 
Spare Parts 
Spare parts were for many years imported into Benin by externally assisted 
water supply projects especially UNICEF and distributed by the government 
water department. This process is not sustainable in the long term because an 
external agency always has to remain part of the process. The sale of spare 
parts also caused many administrative problems. The government was unable 
to set up an administrative structure to collect money from the sale, administer 
the funds separately, and reimburse or pay for imports. Similarly UNICEF had 
no structure to allow them to sell parts to the government or to villagers. When 
spare parts distribution was controlled by a government team including 
mechanics, the artisan repairmen never became independent. Although 
provisions were made to keep sufficient quantities of spare parts available, 
clearly this was planned to be a temporary solution (lasting 10 years). 
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The involvement of private firms in the procurement and distribution of spare 
parts is encouraged by several external support agencies. The amount of 
business that a supplier can expect to do each year is a problem in many 
countries because it may not allow a reasonable profit for the work of importing, 
stocking, distributing, etc. In Benin and many other countries, there is no 
indigenous market for pumps because all water programmes are paid for by 
foreign aid organisations who buy pumps direct from the (external) 
manufacturer. A private network was set up to distribute spare parts of the 
Vergnet pump but this did not work noticeably better than the government 
system. 
The problem of distributed spare parts is further complicated by the lack of 
standardisation of pumps. Without enough units of any type of pump, spare 
part provision will not be sustainable. This is further complicated by the 
differences within models of pumps that make common parts non-compatible. 
The India Mark II has been obtained from India, Mali and Togo but each with 
slightly different specifications which make the commonly replaced parts not 
compatible. 
8.4.3 Chemical Composition of Water Supply 
A reason frequently given for not using groundwater is taste. To analyse 
whether taste as indicated by the chemical composition of water is a factor in 
the use of handpumps, the incidence in 146 villages was analysed against the 
chemical analysis of the borehole water carried out in 1990. It is assumed that 
annual variations are minimal. Five factors that influence taste: pH, hardness, 
total dissolved solids, dissolved oxygen and iron content (both Fe" and Fe"'). 
The results are shown in Table 8.9 but the distribution by non-infected, low 
infected (< 2%) and high infected (> 2%) is not significant for any of the 
chemical properties. 
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TABLE 8.9: CHEMICAL ANALYSIS AND INCIDENCE NORTH ZOU 
Property Range (mg/I Inc (%) 1988/89 Inc (%) 1989/90 
except pH) 
pH <6.8 0.6 0.3 
6.8-7.2 2.4 1.2 
>7.2 1.0 0.6 
Hardness <140 1.0 3.4 
140-225 1.1 0.9 
>225 1.5 0.9 
Total Dissolved <200 0.9 0.5 
Solids 200-300 1.0 0.4 
>300 2.1 1.5 
Dissolved Oxygen <2.0 1.2 0.5 
2.0-30 1.5 0.9 
>3.0 0.8 0.6 
Fe++ <0.2 1.3 1.0 
0.2-1.0 1.3 0.6 
>1.0 0.9 0.3 
Fe+'+ <0.2 1.5 1.1 
0.2-1.0 1.5 0.7 
>1.0 0.8 0.4 
In villages with high Fe"` content in the borehole that gives a strong iron taste 
to the water, the incidence was lower than in villages with low levels of Fe"+. 
The results of the pH tests show that the incidence in villages with either high 
or low pH is lower than in villages with water with pH 6.8 - 7.2. 
The problem of taste is not due in most places to the quality of groundwater but 
is due to the difference between ground water and pond water. The most 
practical way to address this problem is by changing tastes through hygiene 
education. 
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8.5 COMMUNITY PARTICIPATION/HYGIENE EDUCATION 
At the outset of the International Drinking Water Supply and Sanitation Decade, 
it was assumed that the provision of clean water alone would lead to major 
improvements in the health of affected communities. Experience since then 
shows that community development and health education are equally important 
in a water and sanitation programme. 
8.5.1 Community Mobilisation 
The water supply and sanitation project in North Zou was designed with a large 
portion of the project devoted to community mobilisation and hygiene education 
with a corresponding large budget (25%). Community management and 
financing were addressed to ensure sustainability of maintenance and hygiene 
improvements. The VLOM maintenance system in the North Zou kept about 
95% of the pumps functional whereas less than 50% of the pumps were 
working under the centralised systems in Nigeria. Although community 
management of drinking water will vary according to cultural, educational and 
economic circumstances, the experiences in North Zou are a good example of 
successful mobilisation. The activities involved in mobilising community 
management can be applied in many areas. 
Initial studies were undertaken to find location, population of villages incidence 
of Guinea worm and water supply status. Cultural and anthropological 
information were collected by project staff using a Rapid Assessment Procedure 
(RAP). There was no sociologist or anthropologist in the project so this stage 
was the responsibility of the health education team. After a preliminary list of 
villages was drawn up, communities were contacted through their leaders to 
learn their interest in participation. The interest at this initial stage was usually 
high and meetings were organised with the entire population to assure full 
participation. 
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The community had to commit itself to participation in all project activities 
including maintenance and health education. They also had to promise to raise 
sufficient funds (£150) per year to pay for pump repairs. The first year's sum 
at first was deposited in a bank before any other project activities were carried 
out. This caused a problem when the banking system failed, but a system of 
rural credit agencies continued to function in 3 of the 5 districts. 
Although community participation is sometimes (usually) narrowly interpreted 
to mean financial or work contribution, this was seen as only the first stage. 
Village committees were set up to serve as focal points for community 
participation. The village committee for water supply management was similar 
to the village health committees used in primary health care programmes in 
Benin (and elsewhere). Besides managing the pump and ensuring its 
maintenance, the committee had the additional duties of ensuring health 
education and village cleanliness. 
The full participation of women in the decisions affecting them was considered 
vital to the success of mobilisation. Because the women are the traditional 
water gatherers, they have a greater interest in seeing that the pump continues 
to work properly. Because the women prepare the meals and provide care for 
the children, their notions of hygiene are crucial for health impact. Women were 
not excluded from full participation even against cultural reasons. 
Because villagers will not spend time, energy, and resources on issues they 
believe are unimportant or over which they have little control, villagers were 
assisted to recognise that water borne diseases have a substantial negative 
effect on those infected and on the welfare and productivity of the entire 
community. They were also assisted to recognise that Guinea worm and other 
health problems are linked to water and water usage. Engaging the people of 
a community in assessing their problems, needs and aspirations and making 
practical and feasible options available help to promote an atmosphere of 
community ownership and demand. 
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Two of the members of the committee were chosen to carry out hygiene 
education. Local people are better able to work with their neighbours than 
outsiders. To promote better hygiene, it is not necessary to have a complete 
and accurate scientific understanding of the causes of water borne diseases. 
However, it is imperative to communicate that disease is caused by drinking 
unsafe water and how the villagers can ensure that their water remains safe to 
drink. 
The committee was trained in all the skills necessary to organise sufficiently to 
be able to call a village repairman and pay for spare parts and work including 
how to keep accounts of money received and money spent. In rural areas 
where there is a subsistence economy with little commerce or travel, 
elementary activities such as buying spare parts and paying a repairman, are 
also taught because they could become obstacles to continued operation of the 
pump. 
Problems Encountered 
The paradigm of community participation has been embraced by most 
development agencies. The project approach to perceived problems has also 
been adopted. Thus most projects have a vertical approach (even so called 
integrated projects) to a particular problem or set of problems. This leads to 
difficulties in intersectoral coordination and instead of mobilising communities 
it can fragment them. This has happened with water supply and Guinea worm 
eradication both in Benin and Nigeria. Each project requires a village 
committee to achieve community participation. Unfortunately each project has 
different ideas about the role, the membership and the method of work of the 
village community. It was not uncommon for the PHC programme to have a 
village health committee, the Guinea worm eradication programme to have a 
village based health surveillance/education committee and the water 
programme to have a village water supply committee. When programmes in 
other sectors are under way, further committees are chosen. This plethora of 
village committees and volunteer village workers more often leads to chaos 
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instead of mobilisation. While the objective might be to integrate these 
committees and village health volunteers into the health system, the 
uncoordinated approach is not succeeding. As Bermejo et al. (1993) point out 
"the degree to which massive single purpose campaigns can be participatory 
is a matter of discussion. " 
Community mobilisation for participation is an integral part of all Guinea worm 
eradication and water supply programmes in West Africa. Unfortunately those 
responsible for mobilising the community are rarely trained or capable of 
community mobilisation. Technical proficiency in water supply or health care 
does not prepare one to mobilise a community. Community mobilisation is 
carried out by concerned amateurs or by those with no interest in community 
development. The ability to effectively mobilise people is usually found in'the 
political sector. While a government may approve of community participation 
to reduce its expenditures, community empowerment is rarely on the agenda 
of centralised military governments. 
8.5.2 Hygiene Education 
The provision of safe drinking water was shown to not be sufficient for the 
eradication of Guinea worm. Water must be used and used exclusively to have 
the desired impact. Hygiene education is necessary to achieve the active 
change of behaviour required to improve health. There is a vast literature 
devoted to health education and hygiene education within the framework of a 
water supply programme. 
It is difficult to monitor the effectiveness of hygiene education although attempts 
have been made to develop behaviourial measurements (Cairncross, 1992). 
Consequently, quite often it is the part of the water supply programme that has 
the least resources. However resources alone are not sufficient if health 
educators are not able to measure when they are having an impact. 
In both Benin and Nigeria hygiene education worked simultaneously in the 
formal and informal sectors. Hygiene education person to person was thought 
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to be more effective than mass media or official channels of communication. 
Village health animators who were part of the village committee advised other 
villages about how to avoid Guinea worm (among other lessons) after training 
by the project or the government health service. 
District teams consisting of nurses, sanitation agents, social workers and 
volunteers presented hygiene education messages to the villagers. Afterwards, 
the village health animators made house-to-house visits to reinforce and explain 
the message in smaller, more personal situations. Simultaneously, radio 
programmes were recorded in local languages in the project villages "starring" 
the villagers themselves. These recordings were then broadcast on rural radio. 
Messages including exclusive use of safe water were taught in the community, 
in social centres and in health clinics according to a schedule. National health 
education programmes were being introduced in primary schools and 
alphabetization classes. These classes used the same material and 
methodology but did not follow the same schedule. 
Development, testing, and revision of a full set of health education materials 
require several years. The advantages of culturally targeted materials must be 
weighed against the time and money to produce for a limited audience. 
Because projects often last for two or three years it is often difficult to produce 
materials for use within the programme. There are very few off-the-shelf health 
education supports. Flipcharts can be used with a large group. Full colour 
flipcharts are only cost-effective if they are used often. This is possible for an 
extension worker who visits many villages or in a school where many teachers 
can use the same material. The images on the flipcharts can also be made 
available on slides. Slides are not really useful in the village setting due to 
problems of electricity, lighting, etc. This is unfortunate because it is much 
cheaper and easier to develop and use slides. The health education material 
used in Benin is based on a flipchart series with a teacher's guide and 
corresponding booklet that presents the theme succinctly. 
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Both the formal and informal education sectors are very useful for transmitting 
messages. Often there is a shortage of educational supplies and materials in 
rural schools. Lessons can be built around Guinea worm eradication, safe 
water supply and other hygiene and health education messages. A colouring 
book designed in Nigeria has been widely distributed in primary schools by 
NIGEP and serves as a focus for several lessons. Children bring home 
information from schools and if it is not incompatible with ingrained practices, 
often is put into practice. With traditional wisdom vested in elders, this is 
sometimes a very slow process. 
8.6 CONCLUSIONS 
Section 8.2 examined three options for targeting water supply: to all endemic 
villages or all villages with more than 25,50 or 100 cases, to all villages in 
endemic areas and to all rural villages. Water supply options were examined 
in Section 8.3. Rainwater harvesting particularly by the household was seen 
to be the option that could most easily be expanded and brought into common 
use with limited resources. Groundwater exploitation either by boreholes or dug 
wells could be increased. Manual drilling is a promising technology but is not 
useful in Guinea worm areas. Existing surface water sources that transmit 
Guinea worm can be improved to lessen the chance of transmission. However 
this is only applicable when the water source is perennial and is the only source 
for the village. In these cases chemical treatment is cheapest, easiest and 
most effective for stopping transmission. Household storage and treatment can 
be effective but are difficult to promote especially among those most prone to 
infection. 
The low impact of improved water supply on the number of cases and the 
number of endemic villages must be seen as showing low use of existing 
functional water points. In some areas maintenance is a problem and further 
reduces the effective use of improved water supply. Effective hygiene 
education and social mobilisation are important to increase the use of existing 
safe water sources and substantially reduce Guinea worm. 
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CHAPTER 9 
GUINEA WORM ERADICATION IN AFRICA 
9.1 DISTRIBUTION OF GUINEA WORM IN WEST AFRICA 
In Chapter 7 difficulties in eradication of Guinea worm by 1999 were examined 
in Benin and Nigeria. This Chapter looks at the possibilities of eradication in 
other countries in Africa. 
Among the authors' responsibilities as UNICEF coordinator for Guinea worm 
eradication in Africa during the period 1989/1991 was the organisation of 
national case searches in endemic African countries in collaboration with the 
WHOCCD. Because of political difficulties, surveys were not carried out in East 
Africa until much later. National surveys were undertaken in all West Africa 
between 1990 and 1992. Results by administrative subdistrict are shown in 
Figure 9.1. These results have already been presented by other authors 
(Hopkins et al., 1993; WHOCCD, 1993). These surveys have allowed a much 
greater precision of results (within the limitation observed in Section 6.2.5). The 
basic geographic distribution in West Africa was found to be not significantly 
different from that derived from information available at the African Regional 
Workshop on Dracunculiasis held in 1986 in Niamey, Niger (Watts, 1987). The 
surveys have allowed a precision of numbers of cases per region rather than 
the categorisation of regions as non-endemic, endemic or highly endemic 
areas. The geographic distribution of Guinea worm in West Africa was 
compared with large scale physical factors as in Section 6.5.2 and confirmed 
the results from Nigeria (Figures A. 23-A. 25 in Appendix 2). 
One value of these surveys is the identification of the individual villages in 
which Guinea worm occurs. This has allowed water supply and other 
interventions to be targeted to these villages. The second main effect of 
carrying out national surveys is the mobilisation of health and other sectors to 
recognise the problem of Guinea worm for subsequent action. 
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9.2 WATER SUPPLY IN ENDEMIC AFRICAN COUNTRIES 
Since the beginning of the IDWSSD the rural water supply coverage in many 
endemic African countries has improved. Currently water supply in these 
countries varies from 11 % in Ethiopia and the Central African Republic (neither 
of which are heavily endemic) to 75% in Cote d'Ivoire. The rural water supply 
coverage and the unserved population are shown in Table 9.1. It should be 
noted that even 13 years after the start of the IDWSSD whose goal was 
"Universal access to clean water supply and sanitation, " rural water supply 
coverage in the 17 endemic African countries is only 27% (UNDP, World Bank, 
1993). 154 million people in rural areas in these countries are still without clean 
water supply. With a growth rate of 2.5 %, this number is growing by almost 
4 million per year. At a capital cost of £10 per capita, universal water supply 
provision to rural areas in endemic countries would cost £1.5 thousand million. 
Although the IDWSSD had its successes, universal coverage in the area was 
not among them. Only 5 of the countries have rural water supply coverage 
rates above 50% (see Table 9.1). While increased coverage will help to reduce 
the incidence of Guinea worm and other diseases, the resources within the 
region and available through external assistance are not sufficient to greatly 
improve current coverage using the same methods used in the past. 
There is no correlation between the level of water supply coverage and the 
incidence of Guinea worm at country level (Figure A. 26 in Appendix 2). 
282 
TABLE 9.1: WATER SUPPLY IN ENDEMIC COUNTRIES IN AFRICA 
Country Population' 
millions 
Rural 
Population' 
% of Total 
Rurale 
Water 
Coverage 
(%) 
Unserved 
Rural 
Population 
(calculated) 
millions 
Benin 4.6 58.0 35 1.7 
Burkina Faso 8.8 91.0 693 2.5 
Cameroon 11.6 50.6 27 4.3 
Central African Republic 3.0 53.4 11 1.4 
Chad 5.5 66.6 233 2.8 
Cote d'Ivoire 11.7 53.4 75 1.6 
Ethiopia 49.5 87.1 11 38.4 
Ghana 14.4 67.0 39 5.9 
Kenya 23.5 76.4 21 14.2 
Mali 8.2 80.8 36 4.2 
Mauritania 1.9 57.9 65 0.4 
Niger 7.4 80.5 52 2.9 
Nigeria 88.8° 64.8 20 46.0 
Senegal 7.2 61.6 38 2.7 
Sudan 24.5 78.0 433 10.9 
Togo 3.5 74.3 61 1.0 
Uganda 16.8 89.6 12 13.2 
Total 290.9 72.6 27.0 154.1 
Source: 
1. UNDP, World Bank, African Development Indicators 1993 
2. UNDP, Human Development Report 1993, except as noted 
3. World Bank, Social Indicators of Development 1993 
4. Nigeria, National Census, 1991. 
9.3 COUNTRY CAPACITY FOR ERADICATION 
The 17 African countries where Guinea worm is endemic are among the 
poorest and least developed in the world. Of these countries 14 are classed 
by the World Bank as low income and 3 are classed as lower middle. The 
average of the GNP per capita in these countries is US $400. Three-quarters 
of the population live in rural areas where the standard of living is at 
subsistence level and the economy based mainly on unmechanised farming. 
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Inflation has been high in the area especially among the five Anglophone 
countries (Nigeria, Ghana, Sudan, Uganda and Kenya) that do not have 
convertible currencies. In January 1994, the CFA franc, the currency of 11 
Francophone countries in the region was devalued by 50%. Seven of the 
countries are land locked. Because of the poor state of the road and rail 
networks both within these countries and through neighbouring countries to 
ports, transport costs are high and externally produced goods are expensive. 
These countries moreover have the lowest per capita income. Internal 
production capacity for most manufactured goods is nonexistent in the region 
except in Nigeria (World Bank, 1993). 
Health services in rural areas are generally poor. Table 9.2 includes as an 
indicator the population per physician which except in Togo and Nigeria is 
above 10,000 people per doctor. Most health care systems are hampered by 
a lack of organisation, equipment, drugs and supplies. It has been noted that 
only about 20% of the health staff in the third world is fully utilised (Henderson, 
1988). Although the Bamako Initiative seeks to put in place a method of 
assuring the availability of essential drugs and trained paraprofessionals, at 
present most people in rural areas do not use official health services. More 
details on health services in endemic countries is given in Table A. 20 in 
Appendix 3. 
The ability of the governments to carry out the eradication programme is limited 
in most countries. The governments of Sudan, Chad and Uganda do not 
control all areas of their countries including the areas thought to contain most 
cases. Politically instability has rocked Benin and Cote d'lvoire in the past 
while the political situations of Nigeria and Togo remain unclear at the time of 
this research. 
The Human Development Index (HDI) shown in Table 9.2 gives a measure of 
the quality of life. It includes indicators of longevity, education and resources. 
The HDI for endemic countries are among the lowest in the world. Incidence 
is not directly related to the HDI as shown in Figure A. 27 in Appendix 2. 
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TABLE 9.2: DEVELOPMENT INDICATORS FOR ENDEMIC COUNTRIES IN 
AFRICA 
Country Population 
per doctor' 
GNP per 
capital 
US$ 
Human 
development 
index' 
Reported 
cases of 
Guinea 
worm3 
Benin 15940 380 0.113 37414 
Burkina Faso 57330 290 0.074 42187 
Cameroon 121902 850 0.310 127 
Central African Republic 23510 390 0.159 Unknown 
Chad 38360 210 0.088 Unknown 
Cote d1voire 155202 690 0.286 20064 
Ethiopia 78780 120 0.172 303+ 
Ghana 20460 400 0.311 33464 
Kenya 10130 340 0.369 6 
Mali 23510 280 0.082 17716 
Mauritania 11900 510 0.140 8036 
Niger 53610 300 0.080 31676 
Nigeria 6420 340 0.246 202532° 
Senegal 13060 720 0.182 1686 
Sudan 10190 5 0.152 2447+ 
Togo 8700 410 0.218 6381 
Uganda 21830 170 0.194 123259 
1. Source: UNDP, Human Development Report 1993, except as noted 
2. Source: World Bank, World Development Report 1993, except as noted 
3. Source: WHOCCD, Guinea Worm Wrap-up, except as noted 
4. Source: NIGEP Monthly Surveillance 1992 
5. Economy unable to be evaluated by World Bank but classed as low 
income. 
In a region that does not have basic water supply infrastructure or resources, 
where the necessary political stability is usually missing and where other 
problems of health and development are enormous, it is not surprising that 
Guinea worm eradication has not been fully embraced by all of the endemic 
countries. 
9.4 PROSPECTS FOR ERADICATION 
Countries that have eradication programmes have shown a significant reduction 
in the number of cases between 1987-1993 (Hopkins, et al., 1993). However, 
a projection of the results is not encouraging for rapid eradication. After the 
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initial set up of programmes there is a constant percentage drop in each 
country year to year. Nigeria took 3 years to reduce from 640,000 to 180,000, 
Ghana took 3 years to reduce from 180,000 to 33,000 and will probably take 
1 more year to reduce to 17,000. India took 5 years to reduce from 17,000 to 
1000 and Pakistan took 4 years to reduce from 1000 to 23 and will probably 
reach 0 in 1994. If Nigeria follows the trend of the other countries, Guinea 
worm will not disappear before the end of the century. 
Chapter 7 examined the inability of the surveillance containment strategy as 
used with water supply to rapidly eliminate Guinea worm. This was due to the 
finding that Guinea worm was not as statically focused as thought as well as 
the low impact of water supply provision. In areas with major successful 
programmes, Guinea worm has been measured to fall by about 40% annually. 
If this rate is maintained there will be about 5000 cases at the end of the 
century. 
The two major strategic problems of the programme are the inability to reduce 
cases in heavily endemic areas by more than 40% annually and the inability to 
quickly stop all transmission at low levels. Methodological improvements would 
result in greater effectiveness but water supply, surveillance and other 
interventions are not yet in place in all areas. The present level of intervention 
does not reach all infected areas or villages and is not 100% effective. 
Although Guinea worm eradication programmes enjoy relatively high priority 
now among international aid agencies, without clear successes it will be difficult 
to continue and expand as necessary. The author's evaluation of the 
probability of elimination by country is given in Table A. 21 in Appendix 3. 
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9.5 CERTIFICATION OF ERADICATION 
Guinea worm will be difficult to eradicate. It will probably be impossible to prove 
that it has been eradicated. This is due to four factors: 
1. Human Reservoirs: Because Guinea worm disease does not convey 
immunity, victims can be reinfected year after year. The probability of 
stochastic disappearance of the worm is higher at lower host population 
levels but the results presented in Section 7.2.3 suggest that continued 
transmission is possible even at very low levels. Case reports do not 
confirm a high threshold of transmission in Africa. Experience shows 
that many transmission points are in small villages, often of 50 people 
or less. There are case reports from about one half of the LGAs in 
Nigeria in 1990/91. The Nigerian census of 1991 counted 88 million 
people, whereas previous estimates of the population were 120 million. 
If a country is unable to detect 32 million people, it does not have the 
capacity to investigate every small hamlet in half the country for one 
disease. The severity of this problem varies among countries. Nigeria 
has the largest population but it is not the least organised. It is quite 
likely that cases would be missed even if a complete effective network 
was in place. In the current eradication programme, during the period 
when transmission is high, monthly reporting from endemic villages that 
are focuses of the programme runs around 75%. It is unlikely that a 
surveillance system that does not report cases could be sustained for a 
long period without a radical reorientation. 
2. Length of time without cases: To certify eradication, enough time must 
pass to be sure that cases have not been missed. For smallpox, two 
years without cases was the accepted length of time. Because the 
smallpox virus lives only in the three to four week period of illness, two 
years represents more than 25 generations of smallpox. A similar 
criterion for Guinea worm would mean no cases detected during 25 
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years. The time between the last case and certification of smallpox 
eradication was necessary due to the need to follow up reports and 
rumours of cases and to confirm that there were indeed no cases. 
3. Confirmation of Guinea worm free areas: The method of knowing that 
there is Guinea worm in an area is by the emergence of a worm. This 
is the only method. There are no reliable tests to determine the 
existence of the worm inside its definitive human' host until about two 
weeks before emergence. A specific immunological test suitable for 
mass utilisation is not available. Clinical tests are difficult and usually 
determine where the worm has been not where it is. It is virtually 
impossible to confirm or disprove rumours unless case reports are 
received while the case is still active. This implies a surveillance system 
covering a wider area and reporting more quickly than at present. 
Recent efforts by WHO to verify that there are no cases in Yemen found 
reports of apparent cases that were unable to be verified. There have 
also been credible reports of Guinea worm in Liberia and Zaire 
(WHOCCD, 1993). 
4. Animal Reservoirs: As discussed in Chapter 3, worms that are 
suspiciously similar to Guinea worm have been found in a wide range of 
wild and domesticated animals. While it is probable that these are from 
related species, this has not been proved. Moreover research including 
that of Muller, Onabamiro, Issayeo and Moorthy and Sweet using the 
experimental infection of animals including monkeys, dogs and cats, 
proves that animals can be infected. Sporadic indigenous cases in Japan 
and Korea (WHO, 1991) are difficult to explain even with animal 
reservoirs since neither country was ever endemic. 
If eradication of dracunculiasis is certified, there will be few if any benefits 
except favourable publicity. As shown above, this certification could only be 
based on probabilities and not absolute proof of eradication. One counter 
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example of a worm would disprove the eradication claim. An incorrect 
certification of eradication would be extremely embarrassing and would put all 
future disease eradication claims at risk. It would likely undermine confidence 
in international public health care especially that of WHO. This would give 
ammunition to those unhappy with the management and direction of WHO and 
are reevaluating support to the agency. 
The most likely solution to the problem of certifying eradication would be a 
designation of virtual elimination. It is unknown what level of cases or 
probability of cases would qualify as virtual elimination. 
9.6 CONSEQUENCES OF FAILURE 
D. A. Henderson, the WHO coordinator for smallpox eradication, explained that 
it was the special epidemiological conditions of smallpox combined with an 
effective, convenient vaccine that allowed its eradication. He states "to proclaim 
as an objective the eradication of a disease and to fail so substantially, as we 
did with malaria eradication, can only serve to discredit public health" 
(Henderson, 1984). It is virtually certain that Guinea worm will not be 
eradicated by 1995 and highly unlikely that it will be eradicated by 1999. 
There may be negative consequences of having oversold the programme. 
The planned campaign to eradicate polio, although based on a firmer practical 
foundation than Guinea worm eradication, might be adversely affected by this 
second eradication failure. If health surveillance systems set up for Guinea 
worm are unable to be adapted for general village based surveillance, the 
system will end. A collapse of the widespread Guinea worm surveillance which 
is the most extensive health surveillance at village level in Africa could 
adversely affect other forms of health monitoring. 
289 
Guinea worm is prevented by safe drinking water. The persistence of cases 
at substantial levels in villages with adequate supplies of clean water argues 
persuasively against the efficiency of hygiene education. Where Guinea worm 
eradication programmes are separate from water supply, health education is 
usually interpreted to mean only promotion of strainers. These two problems 
will damage the credibility of health education both among the intended 
audience and among professionals in both the health and water supply sectors. 
The prevention of Guinea worm by safe drinking water is very straightforward 
in principle. The IDWSSD failed substantially to meet its objective of universal 
water and sanitation coverage in Africa. It is the author's opinion that the likely 
substantial failure of Guinea worm eradication will call into question the health 
impact of water supply. A major justification for support to the sector will be in 
doubt. The doubts about the effectiveness of international assistance in health 
and especially water supply come at a time of declining resources and concern 
for the problems of Africa. Aid from the north is falling. The United States 
reduced the USAID budget by 15% for 1994. The United Nations has started 
a National Implementation of Projects policy that could be cynically interpreted 
as disengagement. The highly visible failure of Guinea worm eradication could 
help to accelerate trends of decreased external assistance to water supply and 
health programmes in Africa. 
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CHAPTER 10 
SUMMARY AND CONCLUSIONS 
10.1 SUMMARY OF FINDINGS 
Guinea worm was found to occur in about 7% of villages and about 50% of the 
LGAs in Nigeria. Most of the cases were concentrated in endemic areas with 
14% of the LGAs reporting more than 75% of the cases. The large range of 
infected LGAs determines the extent of the eradication programme. 
The relationships between Guinea worm and several factors were examined. 
Incidence was found to vary strongly inversely with the size of the village. The 
incidence in small villages (< 200) was 4 times the incidence in large villages 
(>1000). The incidence in densely populated LGAs was lower than in low and 
medium density LGAs. Endemicity varies directly with village size with larger 
villages 12% more likely to be infected than small villages. Although the 
incidence is higher in small villages, most of the cases are in medium and large 
villages. In Nigeria where there is a large population, there are large villages 
and towns that have many cases: 54 had more than 500 cases and 13 more 
than 1000 cases in 1990/91. In 1990/91,10% of the cases occurred in small 
villages which were 23% of infected villages and 23% of the cases were in 
large villages/towns. Different water services and health departments are 
responsible for different size villages. Rural water supply projects are targeted 
to the medium sized villages that have 67% of the cases. 
Higher incidence in poorly accessible communities is the result of confounding 
but shows the need for improved outreach capacity. The study confirmed that 
the number of cases varies over the course of a year. The monthly distribution 
differs between regions but varies little within a given region. About 20% of the 
cases occur outside the main transmission period. 
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Rainfall in Nigeria is seasonal but no correlation was found that could account 
for the difference in transmission seasons. The incidence is not strongly related 
to the annual amount of rainfall except in low and high rainfall areas. Guinea 
worm is not found in deserts, in coastal swamps or at high altitudes in Nigeria. 
Incidence is low in alluvial zones. Guinea worm is found in all other ecological 
zones, geological conditions, soils and altitudes, but is not found in all areas of 
any of these conditions. The incidence was lower in areas with a major river but 
at local level there was no correlation with distance to the river. 
The incidence was independent of religion. There are indications that incidence 
is correlated with ethnic groups. Area incidence is strongly related to the ratio 
of females to males. Incidence in areas where the number of females 
exceeded males by more than 10% was 35 times as high as in areas where the 
number of males exceeded females by more than 10%. The design of health 
education activities must take these factors into account. 
Guinea worm has a large effect on school absences which are directly 
correlated with Guinea worm. The primary school system is the most 
widespread government service in most rural areas. Incidence is weakly 
correlated with education opportunity but this is due to confounding variables. 
Endemicity is not related. Hygiene education programmes in primary schools 
can reach into many villages and school teachers can often be valuable allies 
for the programme. 
The economic impact in Nigeria in 1990/91 was £16 million. Losses varied 
widely by state. The average loss per case was £60 and £3400 per endemic 
village. There are good economic reasons for pursuing Guinea worm control. 
The eradication of Guinea worm by water supply and related interventions in 
Africa was examined in depth. Because there is a time delay between case 
reports and the possibility of water supply provision, the evolution of the number 
of cases was investigated. The number of cases of Guinea worm during a year 
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was found to be a good indicator of the location and number of cases the 
following year for states and LGAs. Past incidence was not found to be a good 
indicator for location and intensity of infection in villages in endemic areas. This 
implies that it is not effective to prioritise villages by number of cases. 
Infection during one year was a significant but not a strong indicator (Relative 
Risk = 1.74) for infection the following year. 17-20% of infected villages did not 
report cases the previous year and 21-27% did not report cases the following 
year. This calls into question the designation of villages as endemic or non- 
endemic. More important, to ensure eradication, interventions to stop 
transmission must occur in all villages not just those found infected during one 
year. It is not possible to define the set of all infected villages at present levels 
of infection based on past occurrence. About 10% of the LGAs reporting cases 
during a year reported zero cases the previous year. 
Interventions less than 100% effective at prevention will eventually eliminate 
Guinea worm if their effects are cumulative and reduce the number of cases 
each year until elimination. The rate of disappearance of Guinea worm was 
inversely related to the number of cases the previous year. In Benin 49% of 
the villages with less than 4 cases had no cases the following year and this 
percentage decreased with then number of cases. In Nigeria the rate of 
extinction was 37% until 64 cases per village when it fell off proportionately. 
However, this effect will take several years to reach zero cases. For 
eradication in a short time, transmission must be stopped completely. 
The impact of improved water supply on the incidence was investigated. The 
raw data showed a 75% reduction as reported in other studies, but when 
confounding due to village size was removed, the measured reduction was 
about 50%. This order of reduction was found in different areas by different 
methods of data collection and analysis. This reduction is in areas where most 
pumps are functional. The incidence decreases with the proximity to water 
supply from about 5 kilometres. Village based health education/community 
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participation reduced incidence about 38% in villages with water and 51 % in 
villages without improved water. Villages with village committees and improved 
water had 75% lower incidence than villages with neither. Improved water 
supply had a small effect on the percentage of infected villages. 20% fewer 
villages in North Zou with water supply were infected than in villages without 
water. The effect was not seen one year after water provision in North Zou and 
could not be detected in Asa LGA. 
it is both financially and technically feasible to supply water to all identified 
infected villages in Nigeria, although there are methodical problems in small 
and large villages. The uneven distribution of infected villages among states 
and within states would cause political difficulties in allocating resources. 
Moreover, supplying water to all identified infected villages will not result in 
eradication. It is not reasonable to plan for 100% water supply in infected 
areas in Nigeria. 
Guinea worm has not been eliminated from any region in Africa. Even after 
more than 10 years in water supply intervention in certain areas, including 6 or 
7 years devoted to eradication of Guinea worm in North Zou, Guinea worm 
remains. Even in areas with few cases, Guinea worm has not disappeared. 
The number of cases of Guinea worm has dropped dramatically in all regions 
where surveillance or programmes have been carried out. However, this 
cannot be directly attributed to the success of interventions. In North Zou 
cases fell by 47% between 1988/89 and 1989/90. At most 25% of this decline 
could be traced to interventions. The number of cases of Guinea worm 
reported is declining rapidly. Past data is not available to decide if this decline 
is cyclical or is a permanent fall from higher levels. 
Because of the inability to predict infected villages based on past reports which 
leads to the inability to focus resources on a limited number of villages, and the 
relatively low effect of water supply provision on reduction of cases and 
especially number of infected villages, it is concluded that Guinea worm 
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eradication in Africa based on water supply and related interventions is not 
possible by 1999. This conclusion is reinforced by the large number of infected 
villages that have an adequate drinking water supply. The lack of an example 
of eradication from a highly endemic area in Africa despite several attempts 
also supports this conclusion. 
The examination has indicated gaps in water supply coverage. Conventional 
water supply cannot provide 100% coverage. Other water supply options were 
investigated for use. Individual rainwater harvesting was found the most 
promising. The number of dug wells can be increased. Although manual drilling 
is possible for 23% of the population, only 0.5% of the cases are found in these 
areas. Transmission from artificial ponds could be reduced by simple changes 
either during construction or by retrofit. Other options investigated include 
ground rain catchment, machine drilled boreholes, spring capping, pond 
protection and household treatment and storage. Although each of these 
methods can help, they are not able to be widely promoted and used. 
It was found that improved water reduces Guinea worm by 50%. The impact 
of water supply was investigated in areas where maintenance was carried out 
and most pumps were functional. In other areas in Nigeria only about half the 
pumps were functional. Sometimes taste is given as a reason for lowered use 
of improved water but this is not related to the chemical composition of the 
water. Accessibility is possibly a factor but unless there is a sharing of facilities 
between nearby communities the improvement of water coverage will be more 
difficult. Community participation was shown to be a factor in the decrease of 
Guinea worm. Improvement is possible and will result in water supply being 
better used. 
There were about 500,000 cases of Guinea worm in 1992 in 17 endemic 
African countries. The correlation between the distribution of cases and 
ecological zone, geology, altitude and soil confirm the results from Nigeria. The 
rural water coverage in endemic countries in Africa is about 27% with 150 
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million unserved people. Universal access to safe water in these countries is 
not an alternative, in the near future. These countries are among the least 
developed in the world. They are extremely poor with inadequate health 
services. There are many problems in the region including health, economic 
and political problems. Guinea worm is not one of the major problems and the 
effort necessary to eradicate it is unlikely to be sustained. Coupled with the 
difficulty in finding and eliminating it, eradication in the near future is unlikely. 
Certification of elimination presents enormous difficulties but few benefits and 
even if Guinea worm were to be eliminated, certification is unlikely. 
10.2 ERADICATION AND WATER SUPPLY 
Improved water supply alone will not eradicate Guinea worm. This is due to 
three factors. First, safe water supply provision does not translate into 100% 
exclusive safe water usage and therefore is not 100% effective. Secondly, 
because there is a delay between reports of cases and water supply 
interventions, water supply can only be targeted at sites where the worm has 
appeared in the past and not where it is or will be transmitted. This reduces 
the efficiency of safe water supply as an eradication method unless 100% 
coverage is reached. Thirdly, as was shown in Chapter 8 it is not possible to 
supply safe water to all villages in the next three years. In areas where people 
do not live grouped in villages, it may never be possible to achieve 100% 
coverage with safe water supply at present levels of development. 
The low impact of water supply provision on Guinea worm is surprising. In the 
areas studied, North Zou and Asa, the maintenance systems were functioning 
well and health education has been part of the programmes. In these areas 
Guinea worm was reduced by 50%. As shown in Section 7.4, in some areas 
of Nigeria maintenance problems result in 50% of hand pumps not working. 
This implies that effective use in these areas is even less. The effective use 
of boreholes with hand pumps must be substantially improved to contribute to 
eradication. Alternative water supply options were discussed in Chapter 8 but 
their effectiveness in preventing Guinea worm was not specifically tested. 
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A disappointing factor of the low impact of water supply is the role of hygiene 
education. While there is no doubt that the 50% impact shows the need for 
effective promotion of exclusive use of safe water, both North Zou and Asa had 
extensive hygiene education activities. Although hygiene education was shown 
to have an impact on Guinea worm in Section 7.4.3, the small reduction due 
to most handpumps must be considered as a failure of hygiene education. 
Although Guinea worm eradication was a major thrust of the water supply 
programmes in both North Zou and Nigeria, it was impossible to focus solely 
or even primarily on Guinea worm. Sometimes cases were used to relax 
requirements for benefiting from water supply. Usually endemic villages were 
included on the list of villages when water supply was provided in an area. 
Highly infected areas were often given priority over low endemic areas. It is 
highly likely that water supply will continue to be focused at endemic areas and 
not be targeted specifically to infected villages. 
About half the LGAs in Nigeria reported cases in 1990/91. To provide water 
supply to all villages with between 200 and 1500 people in rural areas in these 
LGAs would require twice as many water points as have been constructed in 
Nigeria in the past 13 years. Unfortunately even this would not meet the need 
in the small villages with less than 200 people that account for 25% of the 
endemic villages or the larger villages with more than 1500 people that account 
for 25% of the cases. Universal access to safe drinking water supply in Nigeria 
is beyond immediate reach with present methods. 
The year to year variation seen in Section 7.2 precludes the use of the 
incidence of Guinea worm as a direct indicator of the health effect of water 
supply and related interventions in individual villages. As other health effects 
are even less statically focused, targeting water supply to a measurable health 
impact in individual villages is not possible at this time. 
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10.3 GUINEA WORM ERADICATION 
In Section 7.2, it was shown that Guinea worm at current levels in North Zou 
and Nigeria is not highly statically focused. Most cases of Guinea worm are 
localised and can be located and predicted but a non negligible number seem 
unpredictable with available information. In Hypothesis 2 it was seen that up to 
20% of the infected villages had not reported cases the previous year. In 
Hypothesis 4 it was seen that 10% of LGAs reporting cases had reported no 
cases the previous year. The high number of reports from "non-endemic" 
villages and areas calls into question the accuracy of a reporting system from 
only on previously infected villages. Without a wider base of villages, many 
cases will be missed. Although a control programme can reach most cases, 
the programme is not able to identify all endemic villages. It is not known if at 
low levels of infection the predictability is higher. 
Although the surveillance misses up to 30% of the infected villages, the major 
shortcoming of the eradication programme is the lack of an effective 
containment method. Improved water supply only reduces cases by 50%. 
Since eradication very much relies on behaviourial change, grass roots action 
is essential. The programme has achieved much with the resources available, 
but it requires a quantum leap in reach and effectiveness to eradicate Guinea 
worm. The number of cases has been dropping by almost 40% per year in all 
areas that have annual surveillance (and an eradication programme). This 
decrease is in large part not due to intervention activities. Surveillance has not 
been carried out long enough to decide if the number of Guinea worms 
fluctuates cyclically like other species. 
10.4 CONSTRAINTS OF THE STUDY 
0 
Time constraints and changing programme needs and methods led to certain 
weaknesses in the study. 
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Two different methods were used to identify endemic villages and collect annual 
data or cases in villages. The standard method has now changed to monthly 
village based reporting. The method has not been in common use long enough 
to have been applied in this study. 
Because the study took a macro viewpoint, several elements that vary between 
household and villages were less well treated. These 'human' aspects such as 
individual behaviour, water collection and use, and cultural aspects would be 
better addressed in a sociological study. Although the study has identified the 
need for improved hygiene education and attempted to measure the impact, 
much more work is needed in this field. Guinea worm incidence can serve to 
study this impact in a large scale study. 
The impact of improved water supply was measured. The study did not 
analyze the difference in impact of different water supply methods on Guinea 
worm. The analysis of water supply options in Chapter 8 is based on technical 
experiences with the methods and not on use patterns of the options. Because 
it was shown that apparent coverage is not equivalent to effective use it would 
be useful to analyze the effective use of each method. 
The study was unable to explain the low impact of water supply on Guinea 
worm. It was also unable to explain fully why Guinea worm seems to occur in 
certain areas and not in other areas. 
10.5 PROGRAMME RECOMMENDATIONS 
This study has revealed several areas where Guinea worm eradication and 
water supply programmes can be improved. 
Eradication 
1. Village based surveillance should be expanded to include as many 
villages as possible in endemic areas. It may be necessary to include 
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other measurements to enable the system to continue to function in all 
villages. 
2. The effective use of improved water supply must be substantially 
increased. It is possible to double the use of existing water points. This. 
implies more attention to hygiene education and mobilisation. It also 
requires measurable indicators for the impact of hygiene education. 
3. The current standard of maintenance of hand pumps in Nigeria is not 
acceptable. A major priority must be to put existing pumps into working 
order and maintain them. This recommendation applies for many 
countries in Africa. 
4. Water sector monitoring must be greatly expanded. The water service 
should know the size and location of each village and the water status. 
5. Water supply provision to endemic areas should be increased. This 
includes not only conventional water supply to villages with populations 
between 200 and 1500 but especially water supply for small and large 
villages. This implies coordination with the service responsible for the 
large villages, which often is different from that responsible for rural 
water supply. At present water supply for villages with less than 200 
persons is usually neglected. 
6. Water supply programmes should be more flexible in methods for 
supplying water. Instead of being organised around a technology they 
should be open to several options. 
7. At present Guinea worm eradication is a centrally organised vertical 
programme. To be more effective and to continue for the time 
necessary until eradication, it should be integrated into PHC services. 
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10.6 OPERATIONAL RESEARCH NEEDS 
This thesis has identified seven areas where research would help to improve 
the chances that Guinea worm will be eradicated by the end of the decade: 
1. A correlation with cultural/ethnic groups was highly indicated. Social 
anthropological research into the knowledge, attitudes and especially the 
practices that account for this difference would help to focus health 
education messages. 
2. The effective use of improved water supply was found to be only about 
one half apparent coverage. Part of this is due to ineffective health 
education. Objective means must be developed for measuring and 
monitoring the impact of hygiene education as a prerequisite for 
improvement. 
3. It has been proposed that the best method of ensuring safe drinking 
water is for families to provide for themselves. The development and 
testing of the social marketing methods and monitoring procedures to 
facilitate promotion of family water supply provision would be useful. 
4. All water supply options were assumed to be equally effective. 
Measurement of Guinea worm incidence offers a way to compare the 
effective use of different options. Time constraints did not allow these 
comparisons in this study. 
5. This investigation has highlighted the ineffectiveness of some present 
handpump maintenance systems. The maintenance systems and spare 
parts distribution networks have been designed by engineers and 
government bureaucrats and set up by technicians. A system that is 
based on sound marketing principles would probably be more effective. 
An effective maintenance system might double the number of functional 
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boreholes greatly increasing the value of inputs to the water supply 
sector. 
6. It is unknown what are the minimum human population and the minimum 
worm population necessary to continue transmission. Since surveillance 
must have at least this degree of precision, it is necessary to investigate 
this fully before certification can take place. 
7. There remain questions about animal reservoirs of infection and the 
extent that various species are capable of transmitting Guinea worm that 
should be examined by those responsible for certification. 
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APPENDIX 1 
A1.1 Village Household Survey 1989/90 
A1.2 Village Report 1989/90 
A1.3 LGA Summary 1989/90 
A1.4 Village Monthly Surveillance Form 
A1.5 LGA Monthly Surveillance Form 
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NIGERIAN GUINEA WORM ERADICATION PROGRAMME 
FORM 1: VILLAGE HOUSEHOLD SURVEY 
Cava' 
V tag.: Record No 
IID 
Dss*ict / Clan/Autonomous Community 
i 
LOA: 
iuo O. i. * WMF 
ds Ong O IV pw NMI 
6 
t 
M" s°"'° a 
D. 
W 
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iSW$. NO^ 
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N 
Household fH h ld H d No of Persom 
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$ 
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Data Co$eclad by (Enumerator) 
Name 
N. 
Signature. 
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Mann 
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Dale 
NIGERIAN GUINEA WORM ERADICATION PROGRAMME 
FORM 2- VILLAGE REPORT 
Village Name: 
Record No. 
District / Clan I Autonomous Community: 
IGA: 
State 
Number of Households in village 
Population L- I [1 I1 
Number of households interviewed: EI= 
(All households in village 
should be interviewed) 
Number of persons in 
households interviewed 
Guinea Worm Cases a9 l 90 
Active Guinea Worm Cases (now) 
Filter water : Number Always Is there a village health 
worker in your village Yes 
a 
110 {J Numbers Sometimes 
Number Never 
MajorSourte of No. Pool / pond / Stream 
Drinking water In 
Guinea worm Season No. Wells I Borehole& 
TOTAL Number of Drinking Water Sources ii village 
Total Available Used During DrySeason - Used during Rainy Season 
Ponds/pools ®I1 1771 
River / Stream 
Borehole 
ý_ 
ýý I_I 11 
Hand dug well 
Others(specify) ® m-T J 
Non"luntional Boreholes/well requiring repair 
Number State problem If known Suppliers 
r3orehotes L. ýLýL1 
I 
Well E -T7 -7-1 
INTERVENTIONS 
Intervention Specify (Tick an that apply) By Whom Date Started 
Health Education Health Talk 
Filter Demonstration 
Radio/TV 
Posters/Leallets 
Other 
Filters Cloth 
Nylon Q 
Clay/Sand 
Abate Treatment O 
New Water Supply Borehole Q 
Well EJ 
Rainwater Harvest 
Pipe borne 
Any Other O 
Medical Bandages 
Treatment TetanusToxoid 
Data Provided by village Head or Chief Data Collected by Data Reviewed and Approved by 
(Coordinator LGA/State) 
Name Name Nan",. ý 
Title Title Title 
Signature Signature Signature 
Date Date Date 
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VILLAGE MONTHLY SURVEILLANCE FORM 
VILLAGE DAY MONTH 199 
NAME ACE SEX TWE OFDRINKING INTERVENTIONS 
WATC12 SOURCE (5"c list on facing page) 
USED BY 1IOUSI: " 
11O1. D (SEI: LIST) 
(A) (B) (C) 1O) (I: 1 
Drinking Water Sources 
1. Pond or Pool 6. Piped Water 
2. River. Spring. Stream. or Canal 7. Other (specify) 
3. Boreholes 
4. Hand Dug Well 
5. Rain Water Catchment 
Tick Interventions used this Month 0 Health Education of infected persons Listed L3 Health Education Talks 
[] Infected PersonsTreated 
Q Filters Given to Households 
Q Filters Given to Replace Damaged Ones 
Give a Number for any change 
in water safety 
Pumps Drokcn 
Pumps Fixed 
New Wells 
New ßorcholes 
PondsTreated 
13 
NIGERIA GUINEA WORM ERADICATION PROGRAMME 
L. G. A. MONTHLY SURVEILLANCE SUMMARY Month 
Village 
Tick ( ) Village 
Interventions 
this month 
Change in Water 
Status 
Record 
Number 
Name Cases a b e d e 
New 
Wells I 
Bore 
Holes 
Broken 
Wells 
Bore 
Holes 
NIGEP / ZONE 
APPENDIX 2 
SUPPLEMENTARY FIGURES 
A. 1 Infected villages in Asa LGA, 1989/90 
A. 2 Infected villages in Asa LGA, 1990/91 
A. 3 Infected villages in North Zou, 1989/90 
A. 4 Incidence in Asa LGA, 1990/91 
A. 5 Cases - North Zou, 1988/89 
A. 6 Villages and roads in Asa LGA 
A. 7 Incidence and distance to river in North Zou 
A. 8 Rivers and incidence in Asa LGA (1989/90) 
A. 9 Incidence and population density by LGA 
A. 10 Cultural group and Guinea worm 
A. 1 1 Agricultural activity in Nigeria 
A. 12 Scatter plot cases in North Zou 1988/89-1989/90 
A. 13 Scatter plot cases in selected LGAs 1988/89-1989/90 
A. 14 Scatter plot cases by LGA 1989/90-1990/91 
A. 15 Scatter plot cases by state 1988/89-1989/90 
A. 16 Water supply and incidence in Asa LGA (1989/90) 
A. 17 Water supply and incidence in Asa LGA (1990/91) 
A. 18 Distribution of incidence and water supply 
A. 19 Incidence and water supply coverage by commune: North Zou 1988/89 
A. 20 Water supply and infected villages North Zou 
A. 21 Incidence and distance to water supply by village size in North Zou 
A. 22 Number of infected villages without water by LGA 
A. 23 Altitude and Guinea worm in West Africa 
A. 24 Vegetation in West Africa 
A. 25 Soils in West Africa 
A. 26 Incidence and water supply coverage by country 
A. 27 Incidence and Human Development Index 
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TABLE A. 1: DISABILITY AS PROPORTION OF CASES BY SEX AND AGE: 
NORTH ZOU (%) 
Month Adult males Adult 
Females 
Children Total 
December 27 35 36 33 
January 39 41 40 40 
February 28 28 33 30 
March 32 30 38 33 
April 28 30 40 31 
Total: 31% 33% 37% 33% 
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TABLE A. 3: POPULATION AND INCIDENCE NORTH ZOU 
1988/89 1989/90 
Village 
Size 0 0-5% >5% 0 0-5% >5% 
1-200 
61 31 58 61 51 38 
201-500 
97 118 68 102 141 40 
501-1000 
43 76 21 59 77 4 
>1000 
22 58 3 27 55 1 
1988/89 x2 = 73.05, p=0.0000 
1989/90 x= 53.50, p=0.0000 
TABLE A. 4: POPULATION AND ENDEMICITY: NORTH ZOU 
1988/89 
Percent 
1989/90 
Percent 
Village No Infected Infected No Infected Infected 
Size Cases Cases 
1-200 61 89 59 61 89 59 
201-500 97 186 66 102 181 64 
501-1000 43 97 69 59 81 58 
>1000 22 61 73 27 56 67 
Mandel extension x2 for linear trend = 3.91, p=0.04789 
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TABLE A. 5: SIZE DISTRIBUTION OF INFECTED VILLAGES IN NIGERIA: 
1988/89 
Number 
Small Medium Large Total 
Endemic 
Villages 
Abuja 15 5 0 20 
Abia 46 148 10 204 
Adamawa 21 15 0 36 
Bauchi 295 43 3 341 
Benue 167 63 4 234 
Borno 98 22 1 121 
Cross River 349 22 6 67 
Delta 12 8 2 22 
Edo 6 8 1 15 
Enugu 655 503 3 1161 
Imo 5 5 0, 10 
Kaduna 7 0 0 7 
Kano 12 19 5 36 
Katsina 125 139 3 267 
Kebbi 25 8 1 34 
Kogi 19 16 1 36 
}Kwara 355 29 0 384 
Lagos 2 0 0 2 
Niger 229 54 0 283 
Ogun 104 7 1 112 
Ondo 360 98 47 565 
Osun 116 11 2 129 
Oyo 483 49 12 544 
Plateau 17 22 4 43 
Rivers 9 5 0 14 
Sokoto 321 158 8 487 
Taraba 4 10 2 16 
Yobe 12 4 0 16 
3559 1471 116 5146 
pefinition of size by population: 
Small <500 
Medium 500-3000 
Large >3000 
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TABLE A. 6: INCIDENCE AND POPULATION DENSITY: NIGERIA 1990/91 
Population 
Density 
p/mit 
Number of 
LGAs 
Population Cases 
1990/91 
Incidence 
1990/91 
(%) 
0-20 17 1522988 2706 0.18 
20-40 61 7488985 25585 0.34 
40-80 109 14126720 49504 0.35 
80-160 148 20237500 90712 0.45 
160-320 112 15938094 76517 0.48 
320-640 74 10418515 22717 0.22 
640-1280 28 5681981 251 0.004 
1280-2560 20 4299531 330 0.008 
560-5120 9 3198478 6 0.0002 
>5120 13 5545324 0 0 
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TABLE A. 7: RELIGION AND INCIDENCE: NIGERIA 
No of No of Low Medium High Incidence Incidence 
LGAs Cases 1-99 100-999 >1000 (%) Index 
Christian 272 161 56 37 18 . 288 . 96 
Muslim 248 106 56 51 35 . 289 . 96 
TABLE A. 8: CULTURE AND ENDEMICITY (1990/91) 
Culture LGAs Non-Infected Infected 
Adamawa 26 17 9 
Eirom-Angas 17 16 1 
Bassawa-Bariba 7 2 5 
Cross River 35 29 6 
Gwari 16 6 10 
Hausa and Fulani 157 52 105 
Ibo 84 59 25 
Idoma 12 4 8 
(gala-Igbibio 8 5 3 
Ijaw 21 16 5 
Kanari 40 28 12 
Nupe 10 0 10 
Tiv 19 12 7 
Yoruba 140 55 85 
Total: 592 301 291 
x2 = 95.54, P=0.0000 
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TABLE A. 9: ETHNIC GROUP AND GUINEA WORM (1990/91) 
Ethnic Population 
('000) 
Cases Incidence 
(%) 
Incidence 
Index 
Angas 1862 191 0.01 0.03 
Bariba 116 1103 1.0 3.2 
Batta 914 300 . 03 0.1 Birom 888 0 0 0 
Boki 138 0 0 0 
Bussara 532 2256 0.4 1.4 
Chamba 957 0 0 0 
Dukawa 463 12530 2.7 9 
Edo 2160 780 0.04 0.1 
Ekoi 1430 10440 0.7 2.4 
Gwari 1905 5354 0.3 0.9 
Hausa & Falani 22965 69991 0.3 1.0 
Ibibio 2360 0 0 0 
Ibo 12201 59721 0.5 1.6 
Idoma 1253 29279 2.3 7.8 
Igala 615 0 0 0 
Igburre 662 206 0.03 0.1 
Ijaw 3417 867 0.03 0.1 
Itsekiri 301 23 0.01 0.03 
Jarawa 457 1094 0.2 0.8 
Jukun 143 4 0 0 
Kambari 337 5559 1.6 5.5 
Kamuku 238 1682 0.7 2.4 
Kankuri 3158 1877 0.06 0.2 
Karekare 343 271 0.08 0.3 
Katab 687 0 0 0 
Longuda 126 0 0 0 
Margh 1235 154 0.01 0.04 
Mumuye 450 0 0 0 
Nigawa 290 308 0.1 0.4 
Nupe 1312 2134 0.2 0.5 
Tangale 1095 4965 0.5 1.5 
Tiv 2802 6966 0.2 0.8 
Ukelle 414 80 0.02 0.06 
Urhobo 1182 18 0 0 
Yoruba 19052 50178 0.3 0.9 
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TABLE A. 10: - CASES BY SEX IN NORTH ZOU 
Village Population Infected 
Men 
Infected 
Women 
Infected 
Children 
Aga 960 20 12 16 
Agabankendji 250 24 18 22 
Agbon 1200 40 99 
Agbondjedo 800 241 214 186 
Ahouankpeqon 450 15 21 2 
Atokolibe 1190 21 10 13 
Agewa Okpa 500 0 00 
Banigbe . 450 55 48 46 Besse Ouoghi 250 36 48 40 
Erokowari 600 2 44 
Finangnon 400 15 14 22 
Gamaho 450 13 10 13 
Gamba 300 35 45 34 
Gbedje 1500 9 14 0 
Gbedjewin 400 23 38 36 
Ghonkpingnon 450 37 55 69 
Gouka 1800 35 24 4 
Haya 1000 10 7 10 
Ibaomanhan 350 2 00 
Kitikpli 515 1 25 
Klongo 600 50 38 34 
Koffe Agbla 311 8 28 
Lame 486 12 12 16 
Loule II 300 42 41 20 
Mamatchoke 750 16 22 
N'gbega 465 92 64 58 
Nicholagon 275 18 29 
Nitchon 842 10 34 
Okemare 1100 34 47 53 
Okouta Osse 700 8 02 
Ouoghi 400 129 115 123 
Sako 700 8 72 
Sozoume 400 65 48 47 
Tchakaloki 500 11 8 14 
Tchaounka 300 5 14 
Terraindji 500 12 74 
Wala 660 31 34 20 
Yare 350 0 00 
Zadohui 350 48 48 9 
Zoungui 260 5 43 
Zonzoukame 2000 351 441 1086 
Total: 26064 1589 1517 1257 
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TABLE A. 11: INCIDENCE AND RATIO OF FEMALES TO MALES: 
NIGERIA 1990/91 
Ratio 
Females/ 
Males 
Number 
of LGAs 
Population Cases 
1990/91 
Incidence 
1990/91 
(%) 
Incidence 
Index 
0.74-0.75 1 212854 0 0.0 0 
0.75-0.80 6 975307 41 0.004 0.01 
0.80-0.85 9 2508069 220 0.009 0.03 
0.85-0.90 47 11948501 4904 0.04 0.1 
0.90-0.95 82 12446931 21291 0.17 0.6 
0.95-1.00 121 19337755 41715 0.22 0.7 
1.00-1.05 172 22861949 94411 0.41 1.4 
1.05-1.10 87 10154771 20479 0.20 0.7 
1.10-1.15 34 3890902 35335 0.90 3.0 
1.15-1.20 23 2864444 20392 0.71 2.4 
1.20-1.25 3 504186 9452 1.87 6.2 
1.25-1.30 4 451495 7522 1.67 5.6 
1.30-1.35 2 300952 12566 4.17 13.9 
Regression In(incidence) = 11.23 (females/males) - 13.5 
rz = 0.9025 10 degrees of freedom 
Standard error of coefficient = 1.2 
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TABLE A. 12: NATIONAL PRIMARY SCHOOL SURVEY IN BENIN 
District (Province) Students Incidence Absent Prevalence 
Bassila (Atacora) 5527 0.9 1.3 0.14 
Boukombe (Atacora) 2643 0.2 - - 
Copargo (Atacora) 1920 1.6 - 0.74 
Djougou (Atacora) 9714 1.3 2.6 0.15 
Kouande (Atacora) 2871 0.1 - - 
Natitingou (Atacora) 5240 0.2 - 0.13 
Ouake (Atacora) 3012 1.2 1.2 0.22 
Pehunco (Atacora) 1850 0.1 - - 
Banikoara (Borgou) 2943 0.1 - - 
Nikki (Borgou) 1478 0.3 - - 
Tchaourou (Borgou) 3598 0.3 0.8 0.03 
Aplahoue (Mono) 3558 0.1 - 0.03 
Bopa (Mono) 1915 10.5 2.0 4.9 
Dogbo (Mono) 5863 0.2 - 0.13 
Grand Popo (Mono) 3324 1.1 1.0 0.19 
Klouekanme (Mono) 3408 0.1 - - 
Lalo (Mono) 2081 1.2 1.3 0.56 
Lokossa (Mono) 5809 0.4 0.3 0.02 
Adja OuOr6 (Oueme) 3143 2.9 4.7 1.05 
Adjohoun (Oueme) 3772 4.5 5.4 2.40 
Akpro Misserete 3617 0.1 - - 
(OuemO) 1890 0.3 - - 
Bonou (Oueme) 3064 2.6 1.1 0.64 
Pob6 (Oueme) 5660 0.2 0.2 0.02 
Sakete (Oueme) 7718 0.3 0.2 0.06 
Abomey (Zou) 4587 1.0 0.4 0.16 
Agbangnizoun (Zou) 3446 7.7 12.2 2.11 
Bante (Zou) 8753 1.1 2.3 0.25 
Bohicon (Zou) 3918 0.1 - 0.06 
Cove (Zou) 5913 10.1 18.9 2.79 
Dassa (Zou) 6369 5.5 5.9 1.92 
Glazoue (Zou) 3692 5.4 14.4 1.13 
Ouesse (Zou) 4717 13.6 19.7 4.13 
Savalou (Zou) 4892 8.2 16.8 3.06 
Save (Zou) 3299 1.1 0.5 0.11 
Za Kpota (Zou) 3388 0.1 0.2 0.03 
Zagnanado (Zou) 4310 0.5 0.3 0.03 
Zogbodomb (Zou) 
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TABLE A. 13: INFECTION AS INDICATION OF INFECTION 
FOLLOWING YEAR: NORTH ZOU 
1988/89 
Infected Not Infected 
Infected 1987/88 324 100 424 
Not infected 1987/88 107 124 231 
431 224 
x2 = 60.82, p=0.0000, Relative risk = 1.65 
1989/90 
Infected Not Infected 
Infected 1988/89 318 115 433 
Not infected 1988/89 89 135 224 
407 250 
x2 = 69.45, p=0.0000, Relative risk = 1.85 
Combined x2 = 130.27, p=0.0000, Relative risk = 1.74 01 
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TABLE A. 14: INCIDENCE AND NEWLY INFECTED VILLAGES: 19 
LGAs IN NIGERIA 
No of 
Infected 
Villages 
Newly 
Infected 
1989/90 
Inci- 
dence 
1988/89 
Newly 
Infected 
1990/91 
Inci- 
dence 
1989/90 
Abakaliki 190 30 9.8 3 8.3 
Afikpo 20 10 1.9 6 0.4 
Afikpo South 32 3 5.5 4 1.4 
Akingele 46 17 0.4 2 0.3 
Akiko 43 9 0.2 7 0.2 
Akoko North 21 0 54.4 0 36.8 
Asa 117 3 4.8 5 3.8 
Bida 14 7 0.6 19 1.2 
Gbako 23 13 0.2 29 1.3 
Gombe 19 11 1.0 0 0.9 
Irepodun 15 40 0.2 0 0.05 
Ishielu 90 4 22.7 26 9.7 
Kankia 24 17 1.6 20 0.3 
Lapai 44 20 2.6 7 1.3 
Malumfashi 59 7 2.7 33 0.9 
Obubra 24 8 1.3 4 2.6 
Ohaozara 80 50 17.4 16 6.2 
Onicha 69 19 1.5 15 5.3 
Shiroro 49 2 0.9 0 1.2 
17% 11% 
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TABLE A. 15: CHANGE IN LEVEL OF CASES BY LGA WITHOUT 
KANO (AND JIGAWA) 
1988/89 1989/90 
Level of Number Number of LGAs by Level of Cases 
Cases of LGAs Very High Medium Low None 
High 
Very 20 15 2 3 0 0 
High 
High 29 2 11 10 3 3 
Medium 50 3 8 20 18 1 
Low 145 0 2 12 98 33 
None 164 0 1 1 13 149 
Totals 408 20 24 46 132 186 
7% negative for first time 
15% of positives report 0 
1989/90 1990/91 
Level of Number Number of LGAs by Level of Cases 
Cases of LGAs Very High Medium Low None 
High 
Very 20 16 3 0 1 0 
High 
High 24 3 8 11 2 0 
Medium 46 1 1 24 19 1 
Low 132 0 1 9 109 13 
None 186 0 1 2 10 173 
Totals 408 20 14 46 141 187 
6% negative for first time 
6% of positives report 0 
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TABLE A. 16: WATER SUPPLY AND INCIDENCE BY DISTRICT: 
NORTH ZOU 
Bante Dassa Glazoue Savalou Save Total 
1988/89 
Inc (%) villages with 9.0 9.4 1.5 4.8 3.0 4.7 
improved water supply 
Inc (%) villages without 2.0 3.3 0.6 1.5 0.9 1.6 
improved water supply 
Difference (%) -78 -65 -60 -69 -70 -66 
1989/90 
Inc (%) villages with 0.6 7.3 2.1 2.5 2.2 2.9 
improved water supply 
Inc (%) villages without 0.2 1.5 1.0 0.5 0.6 0.8 
improved water supply 
Difference (%) -67 -80 -52 -80 -73 -72 
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TABLE A. 17: INCIDENCE AND WATER SUPPLY BY POPULATION 
SIZE: NORTH ZOU 
1-200 201-500 501-1000 
Without water No. of villages 113 184 48 
Population 16355 65788 32993 
Aver. population 145 358 687 
1987/88 Cases 2027 4657 2160 
Incidence % 12.39 7.08 6.55 
Cases 1442 3074 1252 
1988/89 Incidence % 8.82 4.67 3.79 
No. of villages 160 160 39 
Population 16005 57293 26943 
Aver. population 144 358 691 
Cases 864 1811 357 
1989/90 Incidence % 4.5 3.16 1.33 
Aver. incidence % 8.89 5.05 4.06 
No. of villages 37 99 93 
With water Population 5260 36933 70580 
Aver. population 142 373 759 
Cases 260 1608 2267 
1987/88 Incidence % 4.94 4.35 3.21 
Cases 226 955 1325 
1988/89 Incidence % 4.3 2.59 1.88 
No. of villages 39 123 102 
Population 5610 45428 76630 
Aver. population 144 369 751 
Cases 177 825 552 
1989/90 Incidence % 3.16 1.82 0.72 
Aver. lncidence % 4.11 2.84 1.90 
Aver. Incidence 7.70 4.20 2.55 
All villages % 
mmn 
TABLE A. 18: WATER SUPPLY AND INCIDENCE BY POPULATION 
SIZE: ASA LGA 
1-200 201-500 501-1000 
Without water No. of villages 377 55 18 
supply 
Population 37064 19312 14313 
Aver. size 98 351 795 
1988/89 Cases 1882 971 661 
Incidence (%) 5.1 5.0 4.6 
1989/90 Cases 1738 727 216 
Incidence (%) 4.7 3.8 1.5 
1990/91 Cases 516 57 224 
Incidence (%) 1.4 0.3 1.6 
Total: Incidence (%) 3.7 3.0 2.6 
With water No. of villages 91 20 5 
supply Population 
Aver. size 8372 7293 3802 
92 365 760 
1988/89 Cases 283 86 0 
Incidence (%) 3.4 1.2 
1989/90 Cases 202 203 50 
Incidence (%) 2.4 2.8 1.3 
1990/91 Cases 65 31 0 
Incidence (%) 0.8 0.4 0 
Total: Incidence (%) 2.19 1.46 0.44 
TOTAL: Incidence (%) 3.44 2.60 2.12 
353 
TABLE A. 19: ACCESSIBILITY, WATER SUPPLY AND INCIDENCE: 
NORTH ZOU 
Type of Access 
Main Secondary Tertiary No Road 
Road Road Road 
Improved water 
supply 
Population 1987/88 62312 46490 33534 27383 
Cases 983 1463 913 1057 
Incidence (%) 1.6 3.1 2.7 3.9 
Cases 1988/89 558 990 450 372 
Incidence (%) 0.9 2.1 1.0 1.4 
Population 1989/90 66362 50665 35044 36293 
Cases 306 316 235 253 
Incidence (%) 0.5 0.6 0.7 6.7 
No improved water 
supply 
Population 1987/88 39990 25931 26349 95891 
Cases 1275 1112 1702 7079 
Incidence (%) 3.2 4.2 6.5 7.4 
Cases 1988/89 1026 485 1120 4624 
Incidence (%) 2.6 1.9 4.3 4.8 
Population 1989/90 
35940 21756 24839 86981 
Incidence 1989/90 357 449 645 2562 
1.0 2.1 2.6 2.9 
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TABLE A. 20: HEALTH SERVICES IN ENDEMIC COUNTRIES 
Country 
Percentage 
Expenditure 
on Health 
Total 
Expenditure 
as % of GNP 
Population 
per 
Physician 
Population 
per Nursing 
Person 
Benin N/A N/A 28,570 2600 
Burkina Faso 5.8 14.1 57,320 1680 
Cameroon 3.4 22.3 12,190 1690 
Central African Republic 5.1 21.9 25,930 2460 
Chad N/A N/A 30,030 8010 
Cote d'lvoire 3.9 32.4 15,520 1930 
Ethiopia 3.7 23.4 32,650 - 
Ghana 7.0 10.9 22,970 1670 
India 1.6 17.5 2,460 3710 
Kenya 5.4 28.3 10,130 2520 
Mali 3.1 21.6 19,450 1890 
Mauritania N/A 17,960 3740 
Niger 4.1 18.7 34,850 650 
Nigeria N/A N/A 19,830 4240 
Pakistan 1.0 21.9 2,940 5040 
Senegal 4.7 23.9 17,650 1670 
Sudan 1.4 19.8 14,520 990 
Togo 5.3 31.9 28,860 1590 
Uganda 5.1 6.1 9,210 
Notes 
N/A Not available 
Nursing personnel include auxiliary nurses and paraprofessionals including 
TBA's. 
The definition of physicians and nursing personnel varies between 
countries. 
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TABLE A. 21: EVALUATION OF PROBABILITY OF ELIMINATION BY 
1999 BY COUNTRY 
Country No of 
Cases' 
GNP per 
capita 
Country 
Capacity° 
Commit- 
ment' 
Probability 
of 
US$b 
Health Water 
Eradicatio 
n 
Benin 37414 380 M M H H 
Burkina Faso 42187 290 M H H H 
Cameroon 127 850 H H H H 
C. A. R. Low 390 M M L H 
Chad Unknown 210 L L L L 
Cote d'Ivoire 20064 690 M H M M 
Ethiopia Unknown 120 L L L L 
Ghana 31398 400 H M H H 
India 1081 330 H H H H 
Kenya 6 340 H H L H 
Mali 13793 280 M M H H 
Mauritania 8036 510 L L M M 
Niger 31676 300 M M M M 
Nigeria 202532 340 M M H M 
Pakistan 23 400 H H H H 
Senegal 1686 720 M M M H 
Sudan >2447 NA M L 
Togo 6381 410 H M M H 
Uganda 126369 170 - - M L 
a Most recent national research and report 
b World Bank 1993, World Development Report 1993 
c Author's evaluation 
L= Low, M= Medium, H= High, NA = Not Available 
0 
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APPENDIX 4 
STATISTICAL ANALYSIS 
I. x2 Test 
The x2 test is widely used and forms a useful test of significance in many 
statistical problems especially those with observations grouped in descriptive 
categories (Hill, 1977). Observed frequencies are compared to expected 
frequencies to obtain x2. Based on x2 and the number of degrees of freedom, 
the probability p is calculated or read from a precalculated table with large 
differences between observed and expected values indicating real differences 
beyond random variations. 
x2 
(Observed number - Expected number)2 
Expected number 
Preconditions for x2 tests are (Shaw and Wheeler, 1985): 
1. The data categories must be discrete and unambiguous 
2. The frequencies must be absolute and not proportional values 
3. The null hypothesis must not permit zero entries in the expected 
categories 
4. There should not be less than five observations in more than 20 per cent 
of the observed cells. 
1. One Sample 72 Test 
The one sample x2 test compares one set of observed data with a hypothesised 
random set of no difference between each category (Shaw and Wheeler, 1985). 
This test is used in Section 6.2.1 to determine if endemic LGAs are randomly 
dispersed by state and in Section 7.2 to determine if newly infected villages are 
random by administrative grouping. 
2. Z Test Using 2x2 Contingency Tables 
The most frequent use of the two sample x2 test is when each sample is 
measured on a dichotomous variable (Shaw and Wheeler, 1985). With the 2x 
2 table arranged as follows: 
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Exposed Not Exposed Total 
Infected 
Not infected 
a 
b 
c 
d 
a+c 
b+d 
Total: a+b c+d a+b+c+d 
x2 
(ad-bc)2 (a+b+c+d) 
(a+b)(c+d)(a+c)(b+d) 
This test is used in Section 7.2 Hypothesis 1 to determine if infection in a 
village during one year is related to infection the following year and in Section 
7.4 Hypothesis 6 to determine if the presence of Guinea worm in a village is 
related to water supply provision. 
3. Two Sample x2 Test 
The two sample x2 test is similar to the one sample X2 test but compares two 
samples of observations to each other rather than one sample with a 
hypothesised sample. The equation for x2 includes a double summation over 
rows and columns of the contingency table 
(oil - Ell) 
i 
Eft 
with the number of degrees of freedom determined by the product of the 
number of rows and columns each less one. 
This test is used in Section 6.5.2 to determine if the level of endemicity is 
related to riverine areas. 
4. x2 Test Using Lar ger Contingency Tables 
The equation used in two sample x2 tests is also applicable to larger 
contingency tables within the preconditions described above. x2 tests of this 
kind are used in this thesis to determine if the level of infection is related to 
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village size (Section 6.3.1), rainfall (Section 6.5.1), altitude (Section 6.5.2), 
population density (Section 6.5.3), cultural group (Section 6.5.4), or sex ratio 
(Section 6.5.5). 
5. Stratified x2 Tests 
x2 tests test the presence or absence of associations between two types of 
characteristics. Confounding factors associated with both characteristics being 
compared can lead to false results. Stratification means making a separate 
table for each possible combination of confounders (CDC, WHO, 1990). This 
test is used to determine if the level of infection is related to educational 
opportunity (Section 6.3.5) or water supply (Section 7.4) with village population 
being a confounding variable. 
6. x2 Test for Trends - Mantel Extension 
The Mantel extension tests whether the odds in successive groups increase or 
decrease with increasing or decreasing exposure. The data can be divided in 
several strata to remove confounding variables. The equations used are 
described in Schelesselman, 1982 as reproduced in Epilnfo Version 5 (CDC, 
WHO, 1990). A Mantel extension test was used in Section 6.3.2 to compare 
endemicity by village size. A Mantel extension test stratified by village size was 
used to compare incidence with distance to rivers in Section 6.3.4. 
Il. Regression Analysis 
Linear regression is widely used to measure the form of relationship between 
two variables. Preconditions for linear regression are (Shaw and Wheeler, 
1985): 
1. A possible linear relationship 
2. The probability distribution should be normally distributed above the 
regression line 
3. Data should be homoscedastic 
4. The residuals must not be autocorrelated. 
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Regression analysis is used in this thesis to determine the correlation between 
the reported number of cases during one year and the reported number during 
the previous year. Scatter plots are examined for villages (Section 7.2) and for 
LGAs and States (Section 7.3). Regression coefficients are calculated for LGAs 
and States. Regression analysis is also used in Section 6.5.5 to determine the 
relationship between the female to male ratio and incidence. 
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